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I. IHTRODUCTION 
Ever since Winkler (150) In 1887 reported the first 
organogermanium compound, tetraethylgermane, the primary 
method for the preparation of tetrasubetituted germanee has 
been the coupling of a reactive organoraetalllc reagent vith 
a germanluffl halide. In 192? Kraue (80) introduced triphenyl-
germy Is odium and in 1932 (79) trlethylgerHiylpotassium as 
reagents for the preparation of organogermanium compounds, 
howver, he did not Investigate fully the potentialities of 
these reagents. The preparation of organohalogermanee by the 
direct reaction of hydrocarbon halides with elemental germani­
um in the presence of a catalyst was Introduced by Rochow 
(109) in 19^7. 
It has been the purpose of these Investigations to find 
new methode of introducing germanium into organic compounds 
In order that these compounds may be examined concerning their 
relationship to analogous silicon compounde and their thermal 
stability. This goal ifae achieved by the preparations of tri-
phenylgermylpotaeslum and trlphenylgermylllthlum and the sub­
sequent Investigation of the reactions of these reagents with 
organic compounds to obtain compounde having high thermal 
stability or compounds containing functional groups capable 
of being operated upon to obtain a different product 
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exMMtlng the desired qualities. It has been found that 
both triphenylgermylpotaesium &na trlphenylgerffiylllthlum 
poes@is & degree of reaotlTity sufficient to react with 
olefins, carbonyl groups, azo and azomethine linkages, 
epoxides and halides., thus enabling one to synthesize a 
Tsrlety of org&nogeriBaniuffl compounde. 
3 
II. HISfORIGAL 
11 though there has been a treicencloug amount of work re­
ported on organoeillcon oompourids very little has been done 
on organogermanlum cheniBtry, The list of germanium refer­
ences at the end of thie dissertation numbers only 152 and is 
complete up to the present time with mostly references con­
cerning compounds containing a Q-e-C bond being listed there. 
In 1951 Johngon (66) reviewed the organogermanium literature 
up until January, 1950. TMe section will be devoted to 
bringing the organogermaniuai literature up to date and com­
paring analogoui compounds of silicon and germanium. The 
group of tablee (tables 8-18) at the end of this section con­
tains all organogermanluffi compounds which have been mentioned 
In the literature since Johnson's review article and references 
which were not mentioned in the review article but occurred 
before its writing. 
There have been eome general comparieone of Group IV B 
org&noffietallic coapounde Made in the past. Thus, Wu (2^6) 
compared generally the organic chemistry of all of the Group 
I? B eleraente, while Dunn (186) and Gist (210) specifically 
compared carbon and silicon and gernianiuffi and tin, respective­
ly. However, there has never been a compreheneive comparison 
of silicon and germanium. A few authors have touched on a 
comparison, and their remarks will be indicated in the body 
of til© dleeueeion. Obviouely it would be impoBslble to search 
eospletely the literature pertaining to organoslllcon com-
pounde, and eo u«e has been m&de of several wrks die cussing 
these coapouncle (186, 225, 228, 246). Therefore the ellicon 
literature cited at the end of this dissertation is not to be 
construed as being in any manner complete or up to date, al­
though an atteupt has been made to include most of the more 
recent %fork. 
tPhe following Journale have been checked to the dates 
mentioned: J. Org* Chem.. through November, volume 20 (1955); 
J". Am. Chea. Soc.. through no. 23, volume 77 (1955); Jjl Chem. 
Soc.. through Movember, 1955; Ber.. through volume 87 (195^); 
Cpmpt. rend.. through volume 235, 1952; through volume 
M-B (195^); Current Chemical Papers, through no. 11, 1955. 
fhe nomenclature for organoser®anium compounds used in 
this discussion will be in accordance with that suggested by 
Johnson (66), which Is an extenelon of the recommendations of 
the Coaimitte© on Homenclature, Spelling and Pronounclatlon of 
the American Chemical Society (170) for silicon comoounde to 
the analogous germanium compounds. 
1. Physical .Properties 
Because of the large volume of silicon literature there 
is recorded a great amount of data on the physical constants 
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of organosllleon compounds. In contraet to this, however, 
there 1® recorded very little Information on the physical con-
itantfi of organogeraianiuffi eomoounda aside from the normal 
"boiling points and melting points. Ail too frequently when 
more Information euoh ae density, refractive Index and boiling 
point is given about a particular organogermanium compound the 
inforaation on the analogous silicon compound is given at a 
different temperature or preeeure and thus is? uselees for 
comparison purposes. 
Both germaniuffl and Billcon have their normal valence 
bond© directed at tetrahedral angles. Thle was shown to be 
true for silicon by Kipping (215) when he found that a tetra-
substltuted sllan© exhibited optical activity when four dif­
ferent groups were arranged around the silicon atora. And 
Schwarz (125) showed that phenylethyllsopropylbromogermane 
exhibited optical activity vhen isolated by the use of 
d-cafflphorsulphonic acid. 
The normal covalence of both silicon and germanium is 
four, however, divalent inorganic germanium compounds are com-
iHon. There have never been isolated any raonomeric divalent 
organic compounds of germanium or silicon. Kraus and Brown 
(77) Isolated a crystalline product from the reduction of dl-
phenyldlchlorogermane with eodium in refluxing xylene, how­
ever, molecular weight determinations showed the compound to 
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iiave a nolecular weight four times that of monomerlc diphenyl-
geriaanlum. Kipping (216) from a eimilar reaction using di-
phenyldichloroeilane Isolated two similar products having the 
formula CgH^)g» Recently, Jacobs (65) reported the 
preparation of diethylgemanluia ae an oily material obtained 
from the reaction of diet^jylinereury with germanium (II) 
iodide, howeTer ther® was no confirmatory evidence cited BO 
its existence a® a monoBier ie doubtful. 
1. Melting;: point 
fher® eeeine to be no simple relationship connecting the 
melting points of analogous organoBilicon and organogermaniuin 
eofflpound®. One might have expected that there would be some 
correlation because of the similarity in size of the silicon 
and germanium atoaa (Pauling (223) lists the tetrahedral co-
valent radius of silicon as 1,1? % and. that of germanium ae 
1,22 i), and the fact that both have their valence bonds eet 
at tetrahedral angles. The fact that the germanium atom is 
slightly larger would lead one to expect some deviatlone due 
to eteric hindrance and packing of molecules. From the avail­
able data it 1® noted that analogous compounds of germanium 
and eilicon are either both liqulde or both solidB. In Table 
1, coneerning tetrasubetltuted compounds, the following trends 
7 
Table 1. Melting points of analogous tetrasubstltuted 
Bllanes and germanee 
Compound Melting point, °C. 
Gerinanluffl Silicon Difference 
Arylj^M: 
£-tolyl-
S,-tolyl~ 
phenyl-
£-blphenylyl-
227 
149 
234 
270 
226 
151 
237 
274 
1 
-2 
-3 
Aralkylj^M: 
benzyl-
2-phenyle thyl-
110 
57 
128 
76 
-18 
-19 
Alkyl^M: 
n-hexadecyl-
^-octadecyl-
2-cyclohexylethyl-
n 
139 
40 
51 
147 
-2 
-6 
-8 
Aryl3MAryl': 
t r iphe ny 1-(J)-dlphe ny 1-
methylphenyl)-
trlphenyl-£-tolyl-
209 
124 
212 
139 
-3 
-15 
Aryl3MAlkyl: 
trlphe ny iBje thyl-
triphenylethy1-
tr iphe nyl-n-o ctade cyl-
trlphe nylhydroxyme thy1-
71 
78 
80.5 
116 
67 
76 
79 
118 
4 
2 
1.5 
-2 
Aryl^MArallyl; 
triphenylbenzyl-
triphenyltrlphenyl-
methyl 
trlphenyl-2-styryl-
83.5 
344 
148.5 
99 
336 
147 
-15.5 
8 
1.5 
AlkyloMAryl: 
tr Ime t hyl-£- cartooxy-
phenyl-
trlethyl-£-oarboxy-
phenyl-
121 
46 
118 
47.5 
3 
-1.5 
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Table 2. Melting polnte of various analogous ellanes and 
germaneB 
Compound Melting point, °C. 
Germanium Silicon Dlffereno® 
Trieubetltuted halldee: 
tribenzylfluoro-
trlbenzylchloro-
trlbenzylbromo-
trlphenylfluoro-
trlphenylchloro-
t r Iphe nyl bromo-
trl-£i-tolylchloro-
Oxldee (R^M)20; 
benzyl-
phenyl-
£-tolyl-
Kexaeubetltuted dl-
o o m p o u n d e  ( ) :  
benzyl-
phenyl-
£,-tolyl-
96 79 17 
155 1^1 1^ 
144 106 38 
77 64 13 
118 89 29 
138 120 18 
121 116 5 
135 205 -70 
182 222 -40 
150 223 -73 
183 194 -11 
340 350 to 370 -10 to -30 
345 345 0 
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2. Boiling point 
In Table there ar© listed the boiling points for many 
analogous tetraeubetltuted and partially substituted halldee 
of silicon and germanium. The number of analogous compounds 
appearing in the literature •whose boiling pointe are given at 
the same pressure is not great, however from those that are 
listed the following may b© noted: (a) all liquid germanes 
listed have a boiling point considerably higher than that of 
the corresponding silanes; (b) with the exception of the 
trlmethylahloro compounds, the trleubetituted halidee may be 
correlated by the use of the equation 
b.p. fre (®C.) r b.n. Si + 32 . 
Using this formula the largest deviation encountered is 7*^. 
while most compounds agree within (c) there eeenis to be 
no correlation between the boiling points of tetraeubBtituted 
compounds or disubstituted dihalides; (d) the following equa­
tion may be a correlation between monosubstituted trichlo­
rides or other trihalldes, although admittedly three Instances 
are not enouigh to set a definite trend. 
b,p, Ge (°C.) = b.p. Si 4- k2 
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Table 4, Boiling points of various halosll&nes and 
halogeymanes 
Compound Boiling point» °C./760 
Germanium Silicon Difference 
fetrasubstituted: 
methyl-
ethyl-
n-propyl-
n- butyl-
Trleubstituted halides: 
trimethylchloro-
tr line t hylbroffio-
triethylflmoro-
t rle t hyl ciiloro-
trlethylbroao-
tr i-^-propy1fluoro-
trl-n-propylbromo-
tri-B'-butylfluoro-
tri-^-buty1broffio-
Dlsnbetituted dihalldei: 
difflethyldlohloro-
dlethyldiehlorQ-
di-|i-propyldichloro-
Monosubetituted trlhalldee; 
methyltriciiloro-
e t hy 11 r 1 chlo ro-
n-propyltrlchloro-
43 26 17 
163 153 10 
225 214 11 
278 231 47 
115 59 56 
114 80 34 
149 110 39 
176 144 32 
191 163 28 
203 175 28 
242 213 29 
245 212 33 
279 245 34 
124 70 54 
173 130 43 
210 176 34 
111 66 45 
140 100 40 
167 125 42 
If a boiling range wae given, the highest limit Ib re­
corded here; if no preseure was given, atmospheric pressure 
was aeBumed; all pressures recorded between 745 and 760 mm. 
are listed here. 
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(e) there Is no ©Imple i*el&tionehlp correlating the boiling 
points of all analogous ellftnes and germanee-. 
English and Hieholls (38) have observed that Egloff's 
"boiling point equation, which is used to calculate boiling 
points of hydrooarbone, can be extended with good egreement 
to non-aubetltuted germanes and silanes and to mono-n-alky1-
and poly-n-alkyleilan@s. The equation hae the form 
f = alnCa + b) + k 
where f is the temperature in degrees Kelvin, n ie the nuimber 
of central carbon (or iilicon or germanium) atoms and a, b 
and k are eaipirlcal constante, fhe constants a and, b vary 
from class to clase but have the «a»e values when confined to 
different structures within the eame class. The constant k 
has the value -^16.3 for all normal compounds and -424,5 for 
all ieo compoundB. The constante found for unsubetituted 
germanee were; a • 395.B, b - 3.5 and k « -416.3. For un-
Bubstltuted ellanes the values were: a « 446.1, b « 3.0 and 
k a -416,3. J'or ®ono~n-alkyleilanes: a a 321.1, b a 5.2 and 
k ac -416.3; for poly-n-alkylsilanee: a* 322.0, ba 5.0 and 
k a -416.3; and for dimethyl-n-alkylsilanee: a a 322.0, b a 
5.0 and k « -424.5. 'fhe constants a and b must be calculated 
by mean® of several exaaples in a given class. It would 
l^ l-
probably b© pogeible to extend this equation to subBtituted 
gemanee as well ae ellanes. 
3. Density and refractive index 
The densities of thirteen analogous elllcon and germanium 
compounds are given in Table 6. From this table it is Been 
that there are no coherent trend® to be found and, ae ex­
pected, the germanes have higher densities than the corre­
sponding eilanee. In the caae of tetrasubetituted compounds 
the difference In deneitlee decreases as the chain length of 
the alkyl substituente Increases; this ie due to the fact 
that as the chain length increases in the germanee the den­
sity decreasee, while in the sllanee it increaeee. In the 
caee of the halldes, Increased chain branching decreases the 
density of the gerroanee and increases the density of the 
silsnes. With leocyanates it is seen that an increase in 
the number of alkyl groups attached to the central atom 
caueee a decrease in density with both germanes and eilanee, 
however the cha.nge is greater in the case of the germanes. 
Tiible 5 the refractive index at 20° of several 
sllanes and germanes, and again there ie found no simple 
relationship connectlnp: the two. In all cases but one the 
refractive index of the germane is higher than that of the 
15 
Tatle 5* Refractive Indlcee of various analogous silanee 
and germane® 
/ Compound Refractive index (20°) 
Germanium Silicon Difference 
Tetramethyl- 1.388 1.359 0. ,029 
Tetr&ethyl- 1.443 1.423 0. ,020 
Tetra-n-butyl- 1.457 1.447 0. ,010 
Trlleopropylfluoro- 1.440 1.452 -0. ,012 
Chloromethyltrlchloro- 1.499 1.445 0, 054 
Bl8-(trlethyl-)-sulfate 1.475 1.444 0. 031 
Bis- (trlethyl* )-os:lde 1.461 1.434 0. 027 
Tr ie t hyl— 1® ocyanat e 1.452 1.430 0. 022 
Diethyl--dilsocyanata 1.462 1.435 0. 027 
Ethyl—triisocyanat© 1.474 1.447 0, .027 
corresponding ellane. The number of compounds whose re­
fractive index is given at 20° is not enough to perialt the 
forffiulatlon of any valid conclusions. 
Sauer (230) developed a series of bond and group re­
fraction values when he found that atomic refractions were 
not reliable enough for the calculation of molar refractions. 
Then Warrick (24^), using Denbigh's (171) values for C-H 
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a'able 6. Densitlee of various analogous ellenes and 
germane® 
Coiapound Density (20°) 
Q-erfflanium Silicon Difference 
Tetrasubstituted: 
etJayl-
H-propyl-
n-toutyl-
Trlsubstltuted halidee: 
ehloromethyltrichloro-
tri-n-Bropylfluoro-
trlis opropylfluoro-
tr l~||-butylf luoro-
Di- and monosubstltutefi 
halidee: 
dimethyldiehloro-
ethyltriohloro-
H-propyltriohloro-
Isooyanates: 
triethyl—ieocyanate 
diethyl—diisocyanate 
ethyl—triisocyanate 
0.993 0.766 0.227 
0.954 0.785 0.169 
0.934 0.822 0.112 
1.833® 1.478® 0.355 
1.074 0.834® 0.240 
1.069 0.901 0.168 
1.038 0.830 0.208 
1.492 1.062 0.430 
1.595® 1.238 0.357 
1.513 1.196 0.317 
1.151 0.890 0.261 
1.330 1.022 O.3O8 
1.534 1.219 0.315 
^Density at 25°. 
1? 
(1.69 era.3) and C-C (1.25 c©.^), extended this work to many 
other bond values. Cresswell, et al. (28), using Vogel'e 
values for C-K (1.676)and G-G (1.296), recaloulatsd the bond 
refractions for silicon and added those of gerroanium. Final­
ly, Togel, et al. (1^5) recalculated their own values for 
germanium, again using ?ogel*e values for C-R and C-C. All 
of theee values are listed in Table ?, with Vogel'e values 
for ellanee and Creeswell's values for germanes beinj? the 
latest and probably best. Osthoff and Rochow (I03) publiehed 
the Values of 4.13 cm.^ and 7.89 cm.^ for the &e-C and G-e-Cl 
bond®, respectively, using Denbigh's values for C-H and C-C, 
however, a mistake was apparently made in the calculation of 
the de-C bond refraction. Recalculated it becomee 2.73 cm.^. 
JuBt as with the sllanee, the atomic refraction for ger­
manium cannot be used effectively in the calculation of molar 
refractions of germanee, Laubengayer and Tabern (218) calcu­
lated the atomic refraction of germaniuin in germaniuBi tetra­
chloride to be 7»597, while in monogerm&ne (GeHj^) Green and 
Robinson (57) found it to be 8.95» 
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fable 7. Bond refractions for sllanee and gerraanee 
Bond Silicon refractions, G-ermanlum refractions, 
ml. /mole ml./mole 
Warrick®' ?og@l^ Vogel^ Creeewell® 
M-Gal 2.50 2.52 3.05 2.94 
2.56 2.93 — 
M-F 1.50 1.7 1.3 
M-Cl 7.20 7.11 7.6 7.9 
M-Br 10.20 10.08 11.1 11.5 
M-I 16.7 — 
M-G 1.75 1.80 2.47 2.3 
M-H 3.20 3.17 — 
M-S 6.25 6. l4 7.02 7.02 
M-N , 2.00 2.16 2.33 2.54 
M-M 5.65 5.89 ... — 
^Reference 244, 
^Reference 145. 
®R©f@rence 28. 
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i. Chemical Properties 
1. BoMb to carbon 
fhe noraal methods of establishing the germanium-carbon 
bond involve® the reaction of a germanliim hallde with a 
Grlgnard (110, 115), an organollthlum (69) or an orsanozlnc 
(88) reagent. Recently, however, new methode of making or-
ganogerfflanes have been introduced. Hochow (112, II3, 11?) 
and others (22) have developed a direct method of preparing 
partially substituted germanium halidee which involves the 
use of elemental geraanlum, an appropriate alkyl or aryl 
hallde and & catalyst, such ae copper, heated to high tempera­
tures . 
HX + Ge Gu —-—R&eX^ RgGeX^ t R^GeX 
Seyferth and Roehow (I30) have devised a method of 
Biaklng etiloromethyl derlvatlvee of germanium by the reaction 
of geraanluffl tetrachloride with dlazomethane. 
CHgNg + &eCl4 > Cl^GeCH2Cl 
fhe three chlorine atoms attached to germanium may then be 
replaced by means of a G-rlgnard reagent to make chloromethyl 
derlvatlvee. 
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Fischer, et al. {^•O) have found that a germanium-carbon 
bond may be formed by th© peroxide-catalyzed addition of 
trlchlorogermsne to olefins. 
peroxide 
Cl3G-eM + RCatCHa > Cl3GeCH2CH2R 
Finally, it has been reported (51) that triphenylgermyl-
llthiua and trlphenylgermylpotaBsiuia add to unsaturated 
linkages to establish the germanium-carbon bond. 
water 
(CgH5)3&eM + RCH=CH2 > (CgH5)3&eCH2CH2R 
M = Li or I 
The same methodg as above have been used to make organo-
sllanei CI30, 207, 225, 228), however the larger size of the 
gernianiuffi atom permits th® preparation of tetrasubstltuted 
eompounde containing more eterically hindered groune. Thus, 
it has been found that tetra-{l-naphthyl)-germane (146), 
tetra-{l-naphthyl)-silane (183)» tetralBopropylgerraane (13)» 
tetraieopropylBllane (185), tetracyclohexylgermane (18, 71) 
and tetracyclohexylBilane (221) could not be prepared by the 
direct action of either Grignard or organolithlum reagents on 
the corregponding tetrahalides. It was found, however, that 
tetra-(l-naphthyl)-german@ could be prepared by the reaction 
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of trl-{ l-nsphthyl)-brofflogerniane with l-naphthyllithium 
(1^6). Thst the cyelohexyl group Is more eterlcally hindered 
than the 1-naphthyl group wae shown by the fact ths.t tetra-
cyclohexylgermane could not be prepared even by the reextion 
of oyclohexylllthiuffi with trlcyclohexylchlorogermane (71). 
Indeed, neither the isopropyl nor the o-tolyl group could be 
introduced a,e the fourth group with tricyclohexylchloro-
geroiane (70, 71). 
Any discusBlon of the relative reactivities of the 
germanium-carbon and sillcon'-earbon bonds must include a con­
sideration of several factors, among which are bond energy, 
size of the atoiss (eteric hindrance) and electronegativity. 
Huggins (62, 63) lists the Si-C bond energy as 68 kcal./mole 
and the &e-C bond energy as 63 kcal./mole. Thus one would 
expect that toward hemolytic cleavage the organosllanes vould 
be more stable than the organogermanes. This is born out by 
the fact that organosllanes have a slightly higher thermal 
stability than organogermanee (see Experimental). The dif­
ference, however, is not great for both tetraphenylgermane 
and tetraphenyl811ane volatilize without decomposition at 
about ^ 30°* The tetraarylgermanee ere more thermally stable 
than the tetraslkylgermanes for the former volatilize with­
out decompoeltion while the latter decompose slightly before 
or during volatilization. CJeddee and Mack (^8) studied the 
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tterffial decoapoeltion of gaseous tetramethylgermane over the 
range 420-^50 and found it to be 98 per cent homogeneouB and 
uniiaolecular down to a preseure of about 8 cm. They gave the 
energy of activation ae 51,000 •+ several thousand caloriee. 
The pretence of aryl groups etabilize the molecule, for most 
triarylalkylgermane® volatilize without decompoeition. Al­
though the benzyl gepraanee are thermally very stable, other 
aralleyIgermanes, both tetraeubstituted and mixed with aryl 
group®, decoapose somewhat before or during volatilization. 
Tetraarylgermanee are easily cleaved by bromine to give 
triarylbroffiogermanes (68, 76, 80, 102, 125, 13^)• however the 
eecond aryl group ie lees easily removed and requires higher 
temperatures or longer reflux time (67, 68, 76# 1^). The 
same holds true for tetraaryleilanes (217), with perhaps a 
little more difficulty being exhibited in replacing the 
second aryl group with a bromine atoia, ThB tetraalkylger-
Bianes exhibit a different reaction with halogens than the 
tetraalkyleilanee, for when a tetraalkylgermane Ib reacted 
with a halogen the Ge-C bond is broken and a trlalkylhaloger-
mane Is forned (^, 6, 7» 9$ JO, ^3. 79, 8?). With ailicon, 
however, the C-H bond is broken and lateral halogenatlon 
takes place (236). The replacement of more than one alkyl 
group by a halogen in tetraalkylgermane8, although quite dif­
ficult, can be accomplished (11, ^ 1). That the aryl group 
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Is mop© easily cleaved than the alkyl group from organoger-
m&me, Is llluetrated by the reaction of mixed aryl-alkylger-
manes with halogens; the aryl group is replaced by the 
halogen and the alkyl group reoaine intact (4l, 125, 1^^). 
Flood and HorTitz (43) inveetlgated the influence of 
halides on the rate of halogenation of trleubetituted halo-
eilanes, -geriianeg, -tina and -leads. They found that the 
rate of group substitution by bromine and iodine increased 
eueceeslTely m the halide was changed in the order I, Br, 
CI and F, and that group substitution in ellanee competed 
with hydrogen substitution on the side chain. Although some 
side chain halogenation also occurred in the germanes It 
was not as extensive as with the eilanee. Likewise, Anderson 
(11) found that tri-n-propylfluorogermane could be brominated 
by bromine to give di-n-propylfluorobro®ogermane, but that 
no reaction occurred with iodine, 
fhe tetraaryls and tetraalkyls of silicon and germanium 
are very stable. They are not affected by boiling alkali, 
by cold, concentrated sulfuric add, by cold, concentrated 
hydrochloric acid, by oxygen in refluxlng xylene or by alco­
holic silver nitrate. Both tetraphenylgermane and tetra-
phenylsilane (208) are cleaved by sodium-potaesiuni alloy in 
diethyl ether to give the corresponding triphenylpotaesio 
derivative. 
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Brook and 0-ilaan have recently reported the preparation 
of analogous triphenylmethyltriphenylsilane (16?) and tri-
piienylDiethyltrlphenylgerniane (25). Both of theee compounds 
are stable toward cleavage by Iodine and oxygen, indicating 
the absence of free radical aissociation. Both are cleaved 
by 8odium-potasslu® alloy to give triphenylacetlc acid and 
triphenylgermanecarboxyllc acid or trlphenyleilanecarboxyllc 
acid Bubeequent to carbonatlon. 
When either silicon or germanium Is attached to the 
carbon atora of a carbonyl group the compound Is subject to 
decoapoeltlon induced either by heat or base. Thus, both 
trlphenylgemanecarboxylic acid (25) ®-nd trlphenylsilane-
carboxylic acid {24, 162, 166) ellfflinate carbon monoxide on 
melting, Trlphenylellaneoarboxyllc acid ie less stable to­
ward base than trlphenylgerffl&necarboxyllc acid. This le 
shown by the fact that %Then triphenylsilyltriphenylgermane 
is cleaved by eodium-potaeglum alloy and the mixture Is 
carbonated, triphenylgermanecarboxyllc acid is Isolated as 
Buch, but the trlphenylellanecarboxylic acid Is decomposed 
during work-up and only trlphenylsHanoi ie isolated. The 
products of the thermal decomposition of triphenylgermane-
carboxylic acid are trlphenylgermyl trlphenylgermanecarboxy-
late, carbon monoxide and. water, while with triphenylsllane-
carboxylic acid there Is obtained carbon monoxide, formic 
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acid, trlphenylsllyl fopfflate, trlphenylsHanoi and hexaphenyl-
dliiloxane (2^). 
Both methyl triphenylgermanecarboxylate and trlphenyl-
germyl trlphenylgermanecarboxylate are more thermally stable 
than the parent acid, for each mugt be heated above Its 
raeltlng point to achieve elimination of carbon monoxide (24), 
The products of these decarbonylatione are triphenylmethoxy-
gemane and hexaphenyldigermoxane, respectively. The silicon 
analogs behave elmilarly (24), The mechaniem proposed for 
this decarbonylatlon is a 1,2-rearrangement, wherein the 
carbon-germanium bond is broken and a germanium-oxygen bond 
formed iffimedl&tely, 
(CgH^)3GeCG0R tieat or^ {C6H5)3&eOR + CO 
R = H. CH3, 0e(C@H5)3 
In the case of the triphenylgermanecarboxylic acid the tri-
phenylgermanol formed initially undergoes reaction with the 
acid remaining to form the ester triphenylgermyl trlphenyl-
germane carboxylate. 
There has never been isolated any compound containing a 
gerasaniuffi-carbon or a sill con-carbon double bond. Pitzer 
(224) states that double bonds to second row element© are 
unlikely because the greater bond distance fflakes overlap of 
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TT-orbltals on the singly bonded atoms pmRll. If this is 
true then one %7ould expect even lase that gerraanluni, with a 
greater bond radius than elllcon, would form a double bond 
with carbon. Thle doee not disallow, however, the poeelbil-
Itj of there being double bond character to a germanium-
Garbon bond. Chatt and lilliame (2?) prepared the £-
trlmethyl- and ^^-trlethylgermylbenzolc acide and compared 
their acid strengths with thoee of the analogous acide con­
taining the other Group I¥ B elements. They reasoned that 
the acid strengths should be a eeneltlve indication of the 
strength of the ir-type of bonding, since the electrons 
forming the dative Tr-bond must be supplied by the aromatic 
system. The dative TT-bond would be formed by donation of 
electrons from a Tr-molecular orbital of the aromatic eystem 
into a vacant low-energy d-orbital of the atom M, This may 
be recresented by the folloi^fing resonance forme: 
Silicon and germanium, but not carbon, have vacant d-orbitalB 
in their valency shells, 8o they might form strong dative 
T-bonds with the aromatic carbon atom, and eo the bond 
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coxd.d imve definite double-bond character with silicon and 
geraaniuffl but not with carbon. In foraiing the dative IT -
bond, electrons would be withdrawn from the aromatic eyctem 
©nhanclng the strengths of acids containing silicon and ger-
maniuia. The resultb showed that the acid strengths (10 
of the silicon and germanium aoide were 1.1 and 1.08 reepec-
tively, while that of the carbon containing acid was only 
0,7. Thus, the authors concluded that dative TT-bonde vere 
formed, and to an equal extent with silicon and germanium. 
2. The Qe'-Qe bond 
There are only ten reported organogermanium compounds 
containing a Ge-Q-e bond. These are hexaethyldigermane (79), 
hexabenzyldigermane (20), hexacyclohexyldigermane (70), hexa-
phenyldigeraiane (67, 68, 95) > hexa-;2;-tolyldigermane (20), 
l,l,l-triethyl-2,2,2-triphenyldigermane (83), octaphenyl-
trlgermane (77), & hexamer of phenylgermaniura (125, 127), 
a tetremer of dl phenyl germanium (77) and eym-tetrabutyldi--
lododigermane (65). The preparation of these compounds 
is exactly the same ae that of the substituted disilanee. 
This le either by a Wurtz reaction Involving coupling 
of the trisubstltuted hallde with sodium in refluxing 
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xylene or & coupling of a trlsubstltuted, germylsodium with 
an appropriate hallde (??, 83). In the case of the hexa-
ethyiaigermane, a sealed tube and high temperatures without 
solvent must be ueed. The method used in making hexasub-
stltuted dieilanee by the action of G-rignard reagents on 
hexachlorodisilane is not applicable to germaniuro chemiBtry 
because hexachlorodlgeriBane is unknown. 
The Q-e-G^ bond, like the Si~Sl bond, ie very stable, 
being inert to oxygen, boiling aqueous caustic soda and 
boiling alcoholic eilyer nitrate. 
Inveetigatione have been made concerning both hexaphenyl-
digermane (50) and hexaaryldisilanes (206) to determine if 
any dlasociation into free radicals occurred. Both the Q-e-Ge 
and the Si-Si bonds were found to be inert to oxygen in re-
fluxing xylene and to Iodine in refluxing chloroforiB. Mag­
netic susceptibility measurements on hexaphenyldigermane 
(129) placed the upper liffiite of dissociation at one per cent 
in the solid and 20 per cent in a nearly saturated benEene 
solution at 25®, but the author considered it imorobable that 
any dieeociation took place under these conditions. The same 
author (206) placed the upper limit of dissociation of hexa-
phenyldleilane at 5 pejf cent in benzene. The lack of dis­
sociation of hexaphenyldiffermane, like hexaphenyldieilane, 
can probably be attributed to the fact that resonance 
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stabilization of the kind exhibited by triphenylmethyl is 
restricted by the insbility of germanium to form a double 
bond to carbon. 
Also, due to the larger size of the germanium atom there is 
less steric hindrance end straining of bonds, thus stabilizing 
the digermane.. 
Huggins (62) gives the Q-e-&e bond energy as kO kcal./ 
mole and the Si-Si bond energy as 50 kcal./®ole. Therefore, 
one would expect that in a homolytic cleavage the Ge-Oe bond 
would be acre easily broken. And since both the Ge-Ge and 
Si»Si bond energies are considerably less than the Ge-C (63 
kc&l.) and. Si-C (68 koal.) bond energies, one would expect 
more facile cleavage of the 0e~Ge and Si-Si bonds. That the 
latter statement is true is shown by the fact that when hexa-
phenyldigermane (50) and hexaphenyldisilane (208) are cleaved 
by 8odium-potassium alloy, normally the Oe-Ge and Si-Si bonds 
(06H5)2C- .(OeHsJzC- o 
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are the ones that are cl6&¥sd and not the Ge-G or Si~C bonds. 
The same cleavage of the M-M bond in preference to the M-C 
bond was obgerTed lirhen hexaethyldigeraiane (79), hexaphenyldi-
germ&ne (80), ootaphenyltriaermane (??) and hex&phenyldi-
eilsne (2^6) wert cleaved by broasine. 
An anomaly is observed, however, in the cleavage of 
hexaphenyldlgermane with 8odium-potassiura alloy (50)* Al­
though the Oe-G bond in tetraphenylgermane is easily cleaved 
by thie alloy in diethyl ether and ettiylene glycol dimethyl 
ether (GDME), the ae-Ge bond of hexaphenyldigerinane ie un­
affected by alloy in diethyl ether unless an initiator such 
as tetrahydrofuran or bromobenzene is added. In G-DME the 
reaction of hexaphenyldigermane with eodium-potaesium alloy 
or potasBium is not complete, possibly due to the cleavage 
of the (re-C bond. The Si-Si bond in hexaphenyldisilane is 
readily cleaved in both diethyl ether (78) and 6DMB" (163). 
The lack of reactivity of hexaphenyldigermane -with sodium-
potassium alloy in diethyl ether was not expected on a basis 
of bond energies alone, however, due to the smaller size of 
the silicon atora, eteric strain night develop eo as to 
facilitate cleavage of the Si-Si bond. 
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3. fhe hydrides 
The number of organogermyl hydrides reported to date 1B 
only fifteen. Of these, five are monosubstltutea germaneb, 
three are aisubstltuted germanee and seven are trlsubstituted 
gemanes. fhej have been prepared by the hydrolysis of a 
substituted germylffietalllc compound (55i 79> 80, 81), by the 
reaction of a gerfflylmetallic coapound with an appropriate 
halide {l'^^3), by the electrolysis of a eubstituted germylme-
tallic compound (46), by the reduction of a substituted halo-
germane, germanol or dlgermoxane by means of lithium aluminum 
hydride (^7, 6?, 69, 71i 1^6) and by the reduction of a sub­
stituted h&logermane or a substituted germyl sulfide by means 
of zinc and hydrochloric acid {1^7). 
The latter reaction is important because, although 
organosilyl hydrides may be prepared by means of the other 
reactions listed, they cannot be prepared by the reduction 
of h&losllanee using zinc and hydrochloric acid (1^7)» 
author states that thie is cone 1stent with the recent report 
of Sanderson (122, 123) that germanium exhibits a higher 
electronegativity than either Bilicon or tin. 
Most authors (62, 86, 223) agree that both silicon and 
germanium have about equal electronegativities (ca. 1.7-1.9). 
If there is a difference, silicon is generally stated as 
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liaTlng the higher VElue. Huggins (62) gives the Ge-H bond 
energy as kcal./mole and the Si-H bond energy as 79 
kcal,/®ole. One would expect the Sl-H bond to be stronger 
than the &e-H bond toward homolytic cleavage by reason of 
its higher bond energy, and weaker toward heterolytic cleav­
age by reason of Ite higher electronegativity. One would 
not expect that sterlc hindrance would play an Important 
part in the reactions of the Sl-H bond because of the small 
size of the hydrogen atom, hoiirever, this has been found to 
be the case with trl-(l-naphthyl)-silane. Weet (1^6) pre-^ 
pared tri-(l-naphthyl)-germane and found that it evolved 
hydrogen on being waraed with base, while the analogous si-
lane gave no reaction, presumably because of sterlc hindrance. 
Silman and Brannen (183) made the same observation on the 
silane earlier. Hormally silanee containing an Sl-H bond 
evolve hydrogen readily on being warmed in base (185), in 
fact, observations in this Laborstory on triphenylsilane and 
trlphenylgermane indicate that Ge-H compounds react slower 
or not at all when compared r-rith SI-B: compounds, 
Glarum and Kraws (55) weed the reaction of sodium with 
monogeriaane in liquid ammonia to prepare germylBodiiom, which 
in turn was used to prepare KonoBubetltuted germanes by 
coupling Kith alkyl halides. The reaction with bromobenzene, 
however, did not give phenylgermane, but yielded benzene, 
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germanium (II) hydride and sodium bromide, according to the 
equation 
MaSel^ 4- C6H5Br ^06% + + NaBr 
They also reactea. potaseium ajiiide with monogermane in liquid 
ammonia to obtain germylpotassluiB, and lithium with substi­
tuted germanee In liquid ethylanine to get substituted 
germyllithium. The latter reagent coupled witf- halldee to 
yield disubetituted germanes. 
Teal and Kraue (1^3) aleo ueed germylsodium to prepare 
methyl-, ethyl- and propyIgermanes, and also found that the 
reaction with methylene bromide did not give dlgermylmethane, 
but methyIgermane ae the chief product. 
In the preparetion of propylgermane by reduction of 
propyltrlchlorogeraiane (69) with lithium aluminum hydride, 
it was found that the reftction proceeded smoothly in Iso-
propyl ether, but when dloxane was used as the solvent the 
propyl group was cleaved to yield monogermane. 
The hydrogen atom attached to germanium is very reactive 
compared with a hydrogen attached to carbon. The trlBubeti-
tuted germanes are stable under nor®al conditions, however 
tricyclohexyIgermane oxidizes fairly rapidly in air at room 
temperature and more rapidly in refluxlng carbon tetrachlo­
ride to give trlcyclohexylgertBanol (71). The disubBtituted 
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gersianee eeem to be less stable, for the refractive index of 
aipheriylgerraane changed on standing at room teraperature and 
eoffle tetraplienylgermane was formed, perhaps by redistribution 
(67). Diphenylgermane is^ fairly stable below 0°, however, 
friphenylgermane was found to be stable in air up to 250°» 
(80), however when heated to 300° for one-half hour and 
diitilled at 240® in a vacuum, dieproportionation took place 
and diphenylgeraane, triphenylgermane and tetraphenylgermane 
were isolated (68). 
MonoalfcylgermaneB (69)i diaryIgermanes (6?) and tri-
alkyl- (71I 79) and trlarylgermanee (81, 1^6) may be bromi-
nated readily to replace all hydrogen atome with bromine. 
With iodine, trleyclohexylgemane gives tricyclohexyliodo-
germane (71), triphenylgernisne gives triphenyliodogermane 
(68) and diphenylgermane gives diphenyldiiodogermane (68), 
however when an excess of iodine ig used, diphenylgermane ie 
cleaved to give germaniuin (I?) iodide. Triphenylgermane re­
acts with hydrogen halides to give triphenylhelogermanee 
(80) and with benzoyl chloride to give triphenylchlorogermane 
(68 ) .  
The Ge-H bond is cleaved bj alkali to form a Ge-OH bond, 
however water alone ie not sufficient to cause thie hydroly-
BiB, as can be seen by the fact that ethylieoamylgermane wae 
unaffected by water (55). 
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WMle monoalkylgermaneB react with sodium in liquid 
araaonla (55) and lltMua in ethylamine (55) to replace the 
hydrogen with an alkali aetal, trlethylgermane was found to 
be inert to sodium in liquid ammonia (79). On the other 
hand, triphenylgeraane reacted with sodium in liquid ammonia 
to give triphenylgermyleodluin, although the reaction was not 
quantitative (80). It hae been found in thie Laboratory that 
trlphenylgermane ie Inert to sodium in refluxing diethyl 
ether. 
The bond has also been found to be reactive, on 
peroxide catalysis, toward olefine. fhus, when heated with 
hexene-l in the presence of benzoyl peroxide, trichloroger-
mane added acroee the olefinic linkage to form n-hexyltrl-
chlorogermane (^0). This type of free radical addition has 
been extended in this Laboratory to trlphenylgermane. It 
has been found (^7) that trlphenylgermane, with either per­
oxide or ultraviolet initiation, adds to the olefinic linkage 
of octen@-l and cyclohexene to give triphenyl-n-octyl- and 
triphenylcyclohexylgermane, reepectively. For further ex­
tension of this work see the Experimental section of this 
dieeertatlon. 
The Si-H bond reactions are in almost every way exactly 
the same as the G-e-H bond reactionB. Thus, triethylsilane 
(236) and triphenylsll&ne (186) react with bromine to give 
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the oorrespondlng trlsubetltuted bromosilane; trlphenylsllane 
reacti with acetylchloride to form triphenylchloroellane 
(213); and trialkyleilanes are hydrolyzed by alkali to give 
the ell&nol (226). The lege substituted ellanea may be less 
stable than the eorreepondlng germaneB for it has been ehown 
that monogermane Itself is lees Inflammable than monoeilane 
(173). Also, methylellane explodes when shaken with mercury 
and oxygen (236), 
frlchloroBllane, under peroxide or ultraviolet Initia­
tion, adds to an oltflnlc linkage In the same manner ae trl-
ohlorogermane (161, 169, 24l). Trlphenylellane (56, 220), 
with peroxide catalysis, also adde to the oleflnlc linkages, 
however, results from this Laboratory (4?) indicate that 
trlphenyleilane, unlike trlphenylgermane, doee not add to 
oleflnlc linkages with ultraviolet Initiation, 
Perhaps a fundamental difference in the reactions of 
Se-H and Si-H bond® 1B their reactions with organollthlum 
reagents. Triphenylgllane (19^) and trlethylsllane (219) 
react with organollthlum reagents to give tetraeubetituted 
silanee, while certain orge.nolithium reagents react with 
trlphenylgermane to give triphenylgermylllthlum along with 
the tetraeubstituted germane. 
H3SIH + R'U vR^SlR' + LIH 
37 
R3GeH + R'Ll s-l^GeLl + LIH + R^C-eR» + R'H 
In thi© respect the Se-H "bond is acting more like a 
C-H "bond, for trisufestltuted methanee are known to react with 
org&nolithiuia reagents to give the substituted methylllthium 
and the R•H compound {209). 
R^CH + R'Li ^R^CLl + R'H 
These reactions are taken up In greater detail In the 
DlBCusslon section at the end of this dlseertation. 
Bonds to oxygen 
Coffipounde containing a (3e-0 bond may be conveniently 
divided into four main classes. These are: germanole, or 
cofflpouiide containing the Ge-OH grouping; oxides, or compounds 
containing the Ge-O-Ge grouping; alkoxidee, or compounds con­
taining the Ge~OAlkyl grouping; and esters, or comDOunds con-
8 tainlng the Ge-O-C-R grouping, Thle class ification le purely 
arbitrary and Is only done so that the material mey be pre­
sented in a convenient manner. 
Germanole. This type of compound undergoes some 
reactions that are elmllar to the alcohols of the carbon 
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series, however, there ie laclrlng much of the chemistry of 
this series. 
Although there are several examples of germanols known, 
as a whole they are difficult to prepare unless one takes 
special precautions to avoid intermolecular dehydration with 
concomitant foriaation of digermoxanee. In this re erect 
germanole are eliallar to eilanole, hovever the germanols lose 
water much more easily, as Is seen from the fact that trl-
ethylsllanol and trl-n-propylsHanoi are known and can be 
distilled without decomposition, while no unhindered trialkyl-
germanols are kno%m because they lose water iHiuiedlately to 
form hexaalkyldigerffloxanea. The only trialkylgermanols which 
are known are trileopropylgermanol (13) and tricyclohexyl-
germanol (18), and these are stable as such only because they 
are sterically hindered and res let dehydration to the oxides. 
That this is the case is shown by the fact that both trileo­
propylgermanol and tricyclohexylgersianol are prepared by the 
hydrolyeie of triisopropylbromogermane and tricyclohexyl-
chloro- (71) or bromogeraane using basic conditions. Under 
elHiilar conditione tri-ja-propylbromogerraane (6, 7)» triethyl-
bromogerraane (?9) and tri-n-butylbromogermane (6) are con­
verted to the oxide®. Hexaisopropyldigermoxane may be 
prepared, ho^mver, by the resctlon of silver carbonate on 
trilsopropylbroffiogermane (13). Tricyclohexylgerinanol has 
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also been obtained by the molet air hydrolyels of trlcyclo-
hexylgerm&ne {?1). The trlsubstltuted sllanols do not lose 
water spontaneously, but do so over phosphorous pentoxide. 
The trlarylgermenole are more reslet&nt to dehydration, 
but thlB may be due to gterlo factors also. Although one 
norroally obtains the hexaphenyldlgermoxane from the hydroly­
sis of trlphenylhalogermanes, with special precautions the 
triphenylgeroanol ©ay be isolated (25). Once isolated, the 
germanol is stable until heated above its melting point where 
dehydration begins to occur. Another route to the germanol 
l8 the hydrolyeie of sodluffl triphenylgermanolate, which may 
be obtained by the oxidation of triphenylgermylsodium (80), 
or by the cleavage of hex&phenyldigerinoxane by sodium in 
liquid ammonia. Sterlc hindrance Ib also responsible for the 
formation of trl-l-naphthylgermanol and tri-^-tolylgermanol 
from the hydrolysis of trl-l-naphthylbromogermane (1^6) and 
tri-o-tolylbromogermane (135)» reepectively. Hydrolysis of 
trl-ra-tolyl- and tri-£-tolylbromogermane gives the corre-
Rponding oxide (135)* Triarylsilanole are much more resistant 
to dehydration than the correeponding germanolB, This is 
shown by the fact that one always obtains trlphenyleilanol 
on hydrolysis of the halide and special conditions must be 
employed to obtain the oxide. The emaller size of silicon 
aay account for this difference, however in view of the 
difference In the alkylsllanols, sterlc hindr&nce probably 
only acoentuatee an Iniierent differeno®. 
Mo dialkyl- or diarylgeraandlols have ever been isolated 
as Euch. They immediately lose %'ater to form a polymeric 
dlsubetituted germanium oxide. 
R2®eX2 ^2° v-R2Ge(0H)2 + 2HK 
xR2Q'e(0fi)2 s-CRgG-eO)^ + XH2O 
fhe presence of diethyl- and dlmethylgermandiol in aqueous 
solution ha® been postulated by Rochow (111, I15, 116). This 
will be di®eu0s©d in detail later. The dialkylsilandiole 
also lose w&ter immediately to form a polymeric oxide, how­
ever the dlaryleilandiols can be isolated and are fairly 
stable; they do lose water on heating above their melting 
pointg. 
Both the gerfflantriols and the silantriols are unstable 
and do not exist ac such, fhey lose water immediately to 
forffl germanonie and sllonie aoide, which are not acide at 
all in the normal sense, but polymeric oxides. 
BHX3 ^ RM(OH)3 + 3HX 
RMCOH)^ HMOOH + H2O 
21M00H ^ (RM0)20 + H2O 
In fact, the so-called "acids", RMOOR, probably do not exist 
themselves, but dehydrate Immediately to form the "acid anhy-
dridet", {RM0)20, which are still oolymerlzed. Kethylgerraan-
trlol has been postulated to exlet in aqueoue eolution (66) 
due to an ©quilibrium in the reaction 
CH^a©Cl3 + 3H2O =5—=^CH3CI-e(OH)3 + 3HGI. 
The reactlone of germanols are those Involving cleavage of 
both the &e-G and 0-H bonds. The 0-H bond is easily cleaved 
by sodium, in fact triphenylgermanol even forniB a sodium salt 
in water, fhie ie in contrast to the silanols which react 
with sodium only elowly* Sterlc hindrance was found to play 
a part In this reaction also, for trlisopropylgermanol was 
found to react only slowly with sodium. 
Both the germanols and the sll&nols may be reacted ii'ith 
halogen acid® to regenerate the halldes from which they were 
formed. The hydroxyl grouB may also be replaced by chlorine 
by the reaction of a germanol with acetyl chloride (71). In 
addition, both silanols and germanols may be esterified by 
their reaction with aclcJs or acid anhydrides. 
R^GeOH + R'COOH or (R'COgO > R^GeOOCR' + H2O or R'COOH 
This reaction will be discussed in detail in the section on 
germanium esters. 
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Reduction of tricyclohexylgermanol by means of lithium 
aluminuia hydride hae been carried out by Johnson and Neber-
gftll (71) to give trlcyclohexylgermane. 
We®t (146) in hie investigations on eteric hindrance in 
l-naphthylg6rma.nee and -silanes found thet trl-l-naphthylger-
manol could be titrated with Karl Fisher reagent to give the 
hexa-l-naphthyldigeriBoxftne, while tri-l-n&phthyleilanol re­
acted, but not quantitatively. Also, he found that boiling 
formic acid was vithout effect on tri-l-naphthylsHanoi, 
while the analogoue germanol reacted to give the oxide vith 
Bo®e decomposition due to cleavage of naphthyl groups. This 
confirmed the previous work of (Jllman and Brannen on 1-
naphthylsilanes (183). 
b. ^eraaniuffi oxidei. The substituted germanium oxides, 
ae was meiitioned previously, may be divided into three main 
elaseee; the trisubstltuted, disubetltuted and nionosubeti-
tuted, The trisubstltuted germanium oxides (dlgermoxanes) 
have the general foraiula (Rj0e)2O, the dieubetituted germanium 
oxides have the general formula (R2'^^^x* where x = 3 or 4, 
and the monosubstltuted geriaanium oxides (%ermanonic anhy­
dride®") have the general foraula RQeOi^^ or (RGeO)20. Be­
cause all of theee oxides are very eimilar, they will be 
considered together under the general term "germaniuiB oxide" 
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or merely '•oxide'* unleee special mention Is to be made con­
cerning a particular oxide. 
The oxldee, as mentioned prevlougly, are formed by de­
hydration of the corresponding germanol, gerinandlol or 
germantrlol. Because this dehydration ii usually spontane­
ous, they fflay be ooneidered as being made by hydrolysis of 
the corresponding hallde. If hydrolysip does not effect de­
hydration, then heating the germanol above its melting point 
will usually convert it to the oxide. UnsyiBmetrical digerm-
ox&nes may be prepared by the couT>ling of a germanolate with 
an appropriate halogermane, 
R3GeOHa + R'^GeX R3(JeOGeR'3 + NaX 
The hydrolyeis of the hallde may be effected either by means 
of aqueous or alcoholic alkali (6, 7, 9, 20, 4?, 79, 95) or 
alcoholic silver nitrate (20, 102, 135) or silver carbonate 
(6, 13). file same product might not be obtained bj' both 
oethode, as was shown by Anderson (13) in the hydrolysis of 
trlisopropylbromogermane, With sodium hydroxide he obtained 
triisopropylgeriaanol, while with silver carbonate he got the 
oxid®. Normally, however, the saiae product will be obtained. 
The hydrolysis of dlhalogermane® gives the polymeric 
oxide, which may be either the trimer or the tetramer. Thus, 
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Trautfflan and Ambrose (144) hydrolyzed dlethyldibromogeriBane 
with Bodiuffi Jiydroxlfle and obtained the oxide trlmer, while 
Anderson hydrolyzed diethyldlehlorogermane with the earae 
alkali and obtained the tetramer In one c&ee (3. 4) and the 
triaer in the other ilj). He also hydrolyzed di-n-propyldl-
fluorogermane and got the trlmer (11). Flood (4l) found that 
oxides oould also be prepared b;? the hydrolysis of germyla-
nilnee with water, when he hydrolyzed diethylgermanlum imine 
to get diethylgermaniuffi oxide. 
Diphenyldibromogeraiane on hydrolyeie with either alco­
holic silver nitrate or amHioniuffl hydroxide gave diphenylger-
manium oxide {67, 79, 95), however, Morgan and Drew (95) also 
obtained a partially dehydrated compound having the formula 
HOG-e (€@15) 2-0-Ge( CgH5) 2-0~(le( GgH^) £-0- (CgH^) 2GeOH. 
Rochow (111, 114) wag unable to prepare dimethylgermanium 
oxide by hydrolysis of the dihallde, but successfully made it 
by hydrolysis of the dimethylgermanlum sulfide with sulfuric 
acid. Hig inability to obtain the oxide on hydrolysis was 
attributed to a revereibility of the reaction and the 
unfavorable equllibrluiii that wae established, 
(CH3)2&eCl2 ->• 2H£Q ^ (CHg)2G-e(OH)g + 2HC1 
In this manner it is entirely different from its silicon 
analog, which on hydrolyels forms a water repellent film. 
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The dlmethyldlehlorogeriaane w&s found to be completely 
soluble In 100 voluraes of water and when this solution wae 
evaporated to dryneee, no residue was left. On hydrolyeie 
with dilute aiffiionluia hydroxide and evaporation to dryness, 
only amffiGnium chloride reaialned. Titration of a solution 
of dlmethyldichlorogeriaane with two equivalents of water 
indicated a normality of 3.19 to hydrochloric acid, thus 
indicating that the equilibrium wae far to the left. 
A relatively large number of aonoEubetituted germanium 
oxides have been prepared, moet of them by hydrolyeie of 
monosubstituted trihalogemaneB, Bauer and Burechkies (18) 
and Orndorff, Tabern and Dennis (102) reacted diarylmercury 
compounds with germanium tetrachloride to obtain the tri­
chlorides, which were hydrolyzed 'without isolation to the 
oxidee. The ethyl germaniuia oxide has been prepared by 
l^drolyei© of the trichloride with water (115» 1^0) and with 
silver oxide (42) and also by the hydrolysis of ethylsrermani-
uffl nitride, (C2Hig&eN)3^, (^2). A malonic acid anhydride type 
wae formed by hydrolysis of the bi8-(trichlorogerrayl)-
methane (14'0, 142). 
CH2(6eCl3)2 + H2O >[012(^6001)2] ^  
The phenyl- (95) and propyl- (69) germanium oxidee have been 
obtained by the hydrolysis of the trihalid.es. 
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The reactions of the oxides are eeeentially the eame 
•foecauee they all involve the Q-e-O-Gre bonds. Thus, they are 
all able to be regenerated Into their parent halldee by re­
action with a hydrogen hallde. This may be effected either 
by refluxing the oxide In ethanol containing the concentrated 
halogen acid or by passing dry add gae through a solution 
of tte oxide in an inert solvent (102). Conversion to the 
halide in the case of hexa-n-butyldlgeriaoxane was also found 
to be effected by means of aqueous potassium hydrogen fluoride 
(9). 
The oxides are very stable substances. Thus hexaethyl-
digermoxane was found to be undecompoeed up to 250° (79); 
hexaphenyldigermoxane volatilized at about 480® with no de-
compoeltlon; propylgeraanluni oxide decompoeed at 285-290° (6); 
and ethylgermanluiB oxide decompoeed at 300° in a vacuum (42), 
The oxide® are not decorapoeed by water (79), and the di-
gerffloxanes are stable toward base, Hexaphenyldlgerniox©,ne 
can be boiled In 50 peJ* cent potassium hydroxide without any 
reaction (95)» hoiri-ever the monosubstltuted oxides appear to 
be lese stable because, although they are soluble In base at 
room temperature without decoaposltion, they are destroyed 
by 10 M sodium hydroxide (69)# 
The arylgermanlum oxides are very etable toward acids, 
for Burechkies (26) found that |)-dimethylamlnophenylgerR!anluin 
47 
oxide could be nitrated. In the 3 posit Ian by the uee of a 
nitric acid-eulfurlc acid mixture and ^ -tolylgermaniura oxide 
could be oxidized by potaesiura permanganate to the j)-carboxy-
phenylgermaniuffi oxide. 
The oxides react with earboxylic acids and anhydrides 
and with thiocyanlc, cyanic, and gulfuric acide to yield the 
esters. This will be discussed in more detail in the section 
on egtere. Anderson (4) has used the reaction of oxides with 
eetere to postulate a progreeeive decreeee in bseicity of 
the oxldei as one goes froa trl- to di- to monoeubstltuted 
germanium oxides. He found that hexaethyldigermoxane re­
places even the sulfhydryl hydrogen and glvee a near quant1-
tatlT© yield of the formate -fe'lth 90 per cent formic acid, 
while dlethylgermanluia oxide gl-^es only a 30 per cent yield 
of the dlforttat® vlth 95 per cent formic acid, and ethyl-
germanium oxide merely cryetallizes from acetic acid and is 
soluble in water. 
The digernaoxanee may be cleaved by sodium In liquid 
ammonia (84) or by lithium in ethylamine (79) according to 
the reaction 
R^S@-0-GeR3 ^ R3G^eM + R^GeOM 
M 2, Ma or Li . 
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DletJbiylgerffianlum oxide, however, was found to be unreactive 
toward llthlMm in ethylamine (4l), Hexaphenyldigermoxane 
wag found to react with lithium aluminuas hydride to give the 
trlphenylgermane {?1). The eillcon oxides give eseentially 
the same reaction®. 
c* AlkoxldeE. ¥ery few alkoxjgermaneb are knovn and 
no substituted aryloxygermanee, probably because of their 
hydrolytlc InsteMllty. In this respect they are quite dif­
ferent from arjloxy- and alkoxyellanes which are very re­
sistant to hydrolyele. West, et al. (148) found that the 
partially eu'betituted methylmethoxygermanes were hydrolyzed 
even in moist air to the oxides, and Brook (24) reported the 
same instability for trlphenylBiethoxygemane. In fact, tri-
phenylaethoxygeriBane wae hydrolyzed Ifflmedlately on contact 
with ethanol, fetraethoxygeriiane was hydrolyzed In air to 
germaniuffl dioxide (139). Silffian and Wu (205) prepared tri-
phenylbenzhydryloxysllane and even crystallized it from 
ethanol, wMle attempts in thle Laboratory to prepare the 
analogoue germane yielded only hexaphenyldigermoxane, even 
when crystallized froa inert solvente in moist air. Tri-
ethylethoxyisilane IF, not attacked by alcoholic ammonia even 
at 250®. 
The alkoxygermanes are prepared by coupling a sodium 
alkoxlde with a halogermane. In this manner Meet (1^8) 
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pi»epar©cl the iBethylmethoxygermanee and Brook (24) prepared 
the trlph@iiylmethoxygerffi®.ne. The reaction of halogermanee 
with an alcohol does not give alkoxidee as the haloellanee 
do. Brook (24) aleo found that triphenylmethoxygermane was 
formed from the thermal decarbonylatlon of methyl triphenyl-
germane oarboxylate. 
Aside froa I:^drolyfilB, the alkoxygermanes undergo reac­
tions eimilar to those of the alkoxysilanes, that is, they 
react ae a peeudoh&logen. Thus, Johneon (71) prepared tri-
cyclohexylbromogerBiane fro® the reaction of cyclohexylinag-
nesiuia bromide with tetraethoxygermane. 
EBteri. The first organogermaniuia ester was pre­
pared by Johnson and Nebergall (71) in 19^9. This was tri-
phenylgerraaniuffi acetate, which ms obtained from the reaction 
of triphenylgermanol with acetic anhydride. It is interesting 
to note that with acetyl chloride, trlphenylchlorogermane was 
formed instead of the ester. Recently, Rochow and Allred 
(116) prepared dimethylgeraaniurt chromate, [(GH2)2GeCrO/;^ 
by the reaction of diffiethyldlchlorogermane with potaeeium 
chromate in aqueous solution. And Broofc (24) prepared tri-
phenylgeriuyl trlphenylgermaneearboxylate by the reaction of 
triphenylgermanol with triphenylgermanecarboxylic acid. All 
of the other work which has been done on this type of compound 
has been reported by Anderson (3. 4, 8, 9, 11, 12, 14, 15, 16). 
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Thli type of compound may be prepared by a number of 
fflethods. The flret method employed by Andereon was the re­
action of an acid or an acid anhydride with a germanium 
oxide or germanol. If sulfuric acid Is used one obtains 
the sulfate esters. 
E3GeOH or (R3Ge)20 + R'COOH or (R'COlgO R^GeCOOCR') 
(R2QeO)3j + R'COOH or (R'G0)20 ^ RgC-eCOOGR')2 
Using this method Anderson prepared esters of tri-n-propyl-
germanlum (8), triethylgermanlum (3» 16), dlethylgermanium 
(3i ^)» dimethylgernanium (12), trl-n-butylgermanlum (9) and 
trileopropylgermanluffl (15). He was not able to prepare ethyl-
germanium trlestere by reaction of the ethylgermanlum oxide 
with an anhydride, lith trlieopropylgermanol Anderson found 
that only the strong aclde like haloacetic acide would form 
esters; weak acids, like foralc and acetic acids, gave only 
impure prociucte. Hexaethyldlgermoxane would not reset with 
either carbon dioxide of sulfur dioxide (6). 
Another method of synthesis involveo the reaction of 
h&logermanee with the silver salt of an acid. Uelng this 
method Andereon prepared esters of ethylgerraRnium (12), tri-
ethylgermaniuffl (16), trllBopropylgermanitJiin (15) and tri-n-
butylgemanluin (9). He also found that ethylgermanlum 
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trlformate could be obtained from the reaction of ethyltrl-
lodogerffiane with lead tetrafomate, but that no reaction 
occurred with sodium formate. 
The last method Anderson used, Involved transesterlfica-
tion. Using thie procedure a germanium ester wae heated with 
a lege volatile acid and the more volatile acid distilled off. 
For example, when trl-n-propylgermanium formate wae heated 
with chloroacetic acid, the formic acid distilled off leaving 
tri-n-Dropylgermftnlum chloroacetate (8). 
distil 
{C3Hy)3&eOOCH + CICH2COOH (C3H7)3GeOOCGH2Cl + HGOOH 
Using thle method Mdereon prepared esters of trl-n-propyl-
germanluii (8) and tri-n-butylgermanium (9)' 
Concerniiig the preparation of esters, Anderson found 
that sulfates could not be prepared by the reaction of halo-
germanes with sulfuric acid. He also observed that dimethyl-
silicon oxide did not give eetere on attempted reaction with 
sulfuric acid, thus indicating that the germanium oxides 
were more basic, Trimethylellicon sulfate has been prepared, 
however, by reaction of hexamethyldisiloxane with concentrated 
sulfuric acid (240), and other trlalkylsilicon sulfates have 
been made by the reaction of trlalkylhaloeilanee with silver 
sulfate (12), 
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Concerning gemanitaa and silicon esters, it ie interest­
ing to note that when ethylgemanlum triacetate was heated 
with dlphenyldichloroailane, the more Tolatlle ethyltrichloro-
germane distilled off leafing dlphenylsilicon dlacetate. A 
elmilar reaction occurred between ethylgerinanlum tributyrate 
and dlphenyldlchlorosilane (12). 
As was mentioned preTlously, methylgerfflanium trlformate 
was prepared by the reaction of methyltrilodogeraiane with 
lead tetraformate. A similar reaction with methyltrichloro-
eilane gave no pure product indicating the silicon formatee 
are less stable than germanium formates (12), The germanium 
formates themselves are not too stable, for dl-n-propyldl-
iodogermane would not yield the diformate on reaction with 
lead tetraformate. 
Another difference in the preparation of silicon eetere 
1® noted from the fact that theee compounds may be made by 
the reaction of sodiuia acetate %;ith halosllanes (23^), while 
halogermanes would not react with eodium formate. 
There ie not much Information given concerning the 
chemical reaction of germanluia eeters, Moet of them are not 
hydrolyzed appreciably by water because they ai'e insoluble, 
however they all may be titrated with alcoholic eodium hy­
droxide. Mderson observed that in the equilibrium between 
triethylgermaniuia oxide and the sulfate ester, 11 M sulfuric 
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acid displaced the equillbriu® to the right, while water 
dleplaced it to the left (3). 
2 ® H2S0if, V, ^2^5^ 3^®] 2 ^ ^4 ®2® 
And in the equilibrium involving the hydrolyeis of trlethyl-
germanium acetate to hexaethyldigermoxane and acetic acid, 
it required 12 N acetic acid to displace the equilibrium to 
the side of the ester. 
Dlethylgermanlum sulfate decompoeed above 100° and 
hydrolyzed in moist air, and reacted with gaeeoue hydrogen 
chloride in the presence of aminonlum sulfate to give dlethyl-
dichlorogerBiane. The triethylgermaniuni acetate and dlethyl-
geriaanium diacetate were found to be therraally stable, 
however, and die tilled at 190*^ and 217°» respectively. Most 
esters derived from halogenated acids are thermally unstable 
and must, be distilled at reduced pressure. The fluoro esters 
are more stable than the bromo esters and the iodo esters are 
unstable. The beta-subetituted halo esters were found to be 
much less stable than the alpha-substituted esters (15, 16), 
and the larger the amount of halogen in the ester, the more 
unstable it is (16). The thermal decomposition of triiso-
propylgermanium chloroacetate was found to yield triiso-
propylchlorogermane and acrylic acid. 
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fhe eeters may be cleaved by mercury (II) halides to 
give the hslogerffl&ne and the mercury (II) salt (14). 
(R^Ge)2S0i,, + HgGl2 > 21300CI + HgSOij, 
Anderson and Stanlelow (198) have prepared ethylEillcon 
©Btere by the transeeterlfloation method and Anderson and 
Fischer (156) aad© methyleillcon esters by the silver salt 
method* fhe former authors obeerved that germanium esters 
containing no halogen were more stable than silicon esters 
both to heat and to water, while germanium esters containing 
organic halogen were more stable to water, but ueually less 
stable to heat, fhis is in contrast to the alkoxygermanes 
which were much lese stable to hydrolysis than the alkoxy-
Ellanes. 
5. Bonds to nitrogen 
There are only two general types of organogermanium com­
pounds known which contain a 6e~N bond. These are the ger­
manium-substituted amnjoniae and amines and the isocyanates 
and leothlocyanates. The substituted aiamonias and aminee 
are prepared by the reaction of a halogermane with ammonia 
or an amine, Kraus and his students in their studies on 
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liquid afflmonia found that halogermanes afflmonolyzed to give 
the germylamlnes, Imlnes and nitrides according to the 
equations 
R^OeX SH3 > R^GeNHg NH^^X 
RgGeXg + NH^ > + NHi^X 
RGeX^ + NH^ > {RGeN)^^ + NH^^X 
In this manner there wae prepared dlethylgermylimlne (4l), 
dlphenylgeriByllBilne (?6), ethylgeriBanium nitride (^2), blB-
(triethylgermyl)-amlne (79) and trlphenylgermylaraine (84). 
The halides ale© react with amiaonla gas to give the game 
products. In this manner there was prepared triraethylgermyl-
amlne (33) and trlphenylgerEylaffllne (84). Although aramonoly-
sle occurred readily in liquid ammonia, it was found that 
diphenyldiohlorogerimne underwent no reaction with liquid 
ethylaffllne (77). Another method of eyntheeie involved the 
reaction of trlphenylbromogermane with an equivalent amount 
of potasBluBi amide (84). Also, Schwarz and Reinhart (126) 
prepared tetra-i-pyrrolylgermane by the reaction of the 
potasslUM salt of pyrrole with geriaaniuffl tetrachloride. 
This type of reaction might be extended to the preparation 
of other germylaminee. 
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The reaction of subBtltuted aialnes with halogermanes 
was used bv Andepson to prepare other germylamlnee. Theee 
reactions were carried out at low temperatures to give ethyl-
tris-(dimethylamino)-germane and ethyl-tris-(diethylamino)-
germane ae well as the tetralteis-(dimethylamino)- and 
tetraklB-( diethylaffilno )-geriBane8 (10). An attempt to pre­
pare ethyltrianilinogermane gave no pure product, probably 
because of the Instability of the compound. 
The gerfflylaffiinee are all very unstable to hydrolye is 
and give the oxidei even in the presence of trace amounts of 
moisture (4l, ^ 2, 76, 79, 84). The germylamines tend to lose 
affiffionia to form the digermylaffiines or trigermylamines. Thus, 
Kraus and booster (84) observed that when recryetallized, the 
triphenylgermylamine gave off ainraonla and formed bis-(tri-
phenylgermyl)-amine and some trig-(triphenylgermyl)-amine. 
fh® triphenylgermylamine, ^j^hen heated to 200° in a vacuum 
yielded the trle-( tri'ohenylg:erfflyl)-aiDine. 
(CgH5)3GeNH2 > NH3 +[(C6H5)3&e] 2NH —> NH3 + [(C6H5)3Ge] 3N 
fhe germylamines are stable unleee exposed to air. Di-
ethylgermyllffline nay be distilled at 100° (0.01 mm), but it 
decoaposea on contact with the air (4l), On reaction with 
eodium, bis-(trlethylgermyl)-amine evolves hydrogen (79) and 
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with pota®8luBi amide trlphenylgermylamlne forms the DotasBlum 
s a l t  i & k ) ,  
Anderson found that the dimethylamino- and diethylamlno-
germanee react with benzoyl chloride or gaeeoue hydrogen 
Iodide to form the halogermanes (10), thus euggeeting a 
method of converting one halogermane to another through the 
intermediate dimethyl- or dlethylaminogerraane. 
The organogermaniuffl isocyanates were prepared by the 
reaction of a halogermane and silver isocyanate. In this 
manner Andereon prepared germanium tetraisocyanate (44), tri-
n-butylgermaniuiB leocyanate (9), all of the ethylgermanium 
Isocyanates (2), triieopropylgermanium isocyanate (15) and 
tri-n-propylgermanium ieocyanate (7). In addition, triethyl-
germanium isocyanate was made by the reaction of triethylger-
manium Isothlocyanate and silver isocyanate (6). The 
Isothiocyanates, with the possible exception of ethylger­
manium triieothlocyanate, could not be prepared by the re­
action of a halogermane irith silver isothiocyanate (6). 
They were prepared, however, by the reaction of isothiocyanic 
acid on either the germanol or germanium oxide. In this 
manner Andereon prepared triethyl-, tri-n-propyl- and tri-
^-butylgermanium isothiocyanate and diethylgermanium dilso-
thiocyanate (6). The analogous reaction of isocyanic acid 
on hexaethyldigermoxane was unsuccessful. 
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The .l80cyenat©g and ieothlocyanatee are much less eeelly 
laydrolyged than the amine s and the rate of hydrolysie de-
creasee a® more alkyl groups are attached to germanium. Thus, 
although germanium tetraisocyanate Is hydrolyzed vigorously 
with water at rooa temperature, trlethylgermanium ieocyanate 
hydrolyzes only slowly at room temperature. As the tempera­
ture Increases, however, the hydrolysis becomee more violent, 
till above 80° it is dangerous. The isocyanatee are stable 
toward redistribution and react with alcohols to give alkox-
id@e, thus suggesting a method for the preparation of this 
type of compound, since the halogermanes do not react with 
alcohols to form alkoxides. The isocyanates do not react 
with ffiercury (II) chloride or arsenic (III) chloride, but do 
with antiffiony (III) fluoride (6). 'With germanium tetra­
chloride, germanium tetraisocyanate gave what was believed 
to be trlchlorogermanium Isocyanate (^5)» On reaction with 
pheriylphoephorous dichloride, triethylgerfflanium isothiocyanate 
gave triethylchlorogermane (14). 
Organosillcon compounds containing an Si-N bond may be 
prepared by the Earae methods as those above for the germanium 
coaipounde. Thus, halosilaneg are ammonolyzed in liquid 
ammonia, -with the ellylaminee so formed being more stable 
than the germylamines with respect to loss of aimnonia. This 
parallels the action of the gerraanols and silanole, where 
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the germanolg lose water much more easily to form, the oxides. 
Substituted amlnoellanes have been made from the reaction of 
a halosllane with an amine (10), and elllcon Isocyanates and 
Isothloeysnates have b©en prepared by the reaction of a halo­
sllane with the appropriate silver salt (2, 153, 15^. 175). 
In addition to the alkylaminoeilaneB, anlllnoellanee have 
been prepared and are aore stable than the anlllnogermanes, 
which are unknown (155, 204). 
The reactione of 61-1 compounds are the eame b.b  the Ge-N 
compounds with only differences in rate being evident. The 
germanluffi Isocyanates appear to be hyclrolyzed less vigorously 
than the analogous silicon oonpoundg (44). Anderson, who 
has examined a large number of analogous silicon and germanium 
compoumiB containing nitrogen, is in a good position to com­
pare these compound®. In his opinion (10) the reaction of 
haloellanes and halogerfflanee with amnionia is eimilar, except 
that the germanlUBj derivatives are r)robably more stable; di-
alkylamino derivatives of ©ilicon apoear to be more stable 
than those of germanluffi; and chlorosllanee form stable amino, 
alkylamino and anllino compounds asore easily than do haloger­
fflanee . 
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6. Bonde to halogens 
The preparstlon of halosllenes and hslogermanes involves 
essentially the sane reaction with only minor differences. 
Thus, halosilanes (l?^) and halogernianee may both be prepared 
by the reaction of halogen acide on the appropriate oxides, 
but ®lnce the oxidee are prepared by hydrolysie of the halides 
the method has little value unlees one is changing from one 
halid® to another# In germanium chemistry this reaction has 
been recently used for the preparation of tri-n-propylhalo-
germanee (7, 11), di-n-propyldihalogemaneB (11), diieopropyl-
dihalogeriBanes (13) and tri-n-butylhalogermanes (9). In 
addition, tri-n-butylfluorogermane has been prepared by the 
action of aqueous potassium hydrogen fluoride on hexa-n-
butyldigeruioxane (9). 
Halogermanes and halosilanes (179, 214') may also be pre­
pared by the reaction of a Grignard or organolithium reagent 
on the germanium or silicon tetrachloridee. Usually one ob­
tains a mixture of partially substituted halogen compounds 
which must be separated by distillation. In this manner 
Johnson and Jones (69) obtained a mixture of n-propyltri-
chlorogermane and di-n-propyldlchlorogeriBane from the reac­
tion of n-propyllithium and germanium tetrachloride. The 
composition of the mixture depended on the ratio of halide 
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to lithium reagent. A similar mixture was obtained by Rochow, 
et jal, (117) from the reaction of n-propylm&gnesium chloride 
on geriBanium tetrachloride. As was mentioned previously, the 
effect of sterlc hindrance was the formation of only triieo-
propylchlorogermane from the reaction of an excess of ieo-
propylmagnesluni chloride on germanitiar tetrachloride. When a 
deficiency of Grignard reagent was used a mixture of partially 
substituted halidec resulted (II3). Also, West (146) ob­
tained only trl-l-naphthylbromogermane from the reaction of 
an excess of l-naphthylm&gneeium bromide on germanium tetra-
bromide. And finally, Rochow (110) prepared trimethyIchloro-
germane from the reaction of methylmagneeium chloride on 
diaethyldichlorogermane. 
Both fluoroeilanee (I78) and fluorogermanee may be made 
by the reaction of halosllanee and halogermanes with antimony 
(III) fluoride or antimony (V) fluoride. This has recently 
been illustrated by Anderson (13) In the preparation of di-
ieopropyldifluorogermane and triisopropylfluorogerroane by 
the reaction of the appropriate bromogermanee with antimony 
(III) fluoride. 
The method developed by Roohow for the preparation of 
alkylhalogermanee by the reaction of an alkyl hallde with a 
germanium-copper alloy (112, 113, 117) ie also applicable to 
the preparation of alkylhaloellanes (227). By this method 
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one Qsually obtains more of the dlhalo compound, but some of 
both the fflonohalide and trlhallde is also formed. Using this 
method Rochow »ade the laethyl- (112, 113), ethyl- (112), 
phenyl- (112) and n-propyl- (11?) halogermanes. The n-propyl 
group was apparently protected from rearrangement to the ieo-
propyl group by being in the form of n-nropylcopper instead 
of in the free radical forro. The method Involves passing 
the gaseous hallde over an alloy of germanium and copper 
heated to about 350®* The halogermanes are collected in a 
cold trap and distilled to separate the vsrioue fractions. 
Other catalysts besidsB copper which may be used are Ni, Sn, 
Sb, Mn and Ti (112, 122). 
Other methods which apply both to the preparation of 
halogermane® and haloeilanee are the reaction of diazoniethane 
with the tetrachlorides of silicon and germanium (130), and 
the free radical addition of Si-H (220, 235) and Ge-H (kO) 
compounds to olefins. The reaction of diazomethane with ger-
manlua tetrachloride to give chloroEBethyltrlchlorogermane 
gave better yields than the analogous silicon reaction. If 
an excess of diazomethane is used, the dlohloro-bls-(chJLoro-
methyl)-germane ia obtained. 
CH2N2 + C^eCl^ s- Cl^aeCHgCl or Cl2Ge( CH2CI) g + Ng 
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since the chlorine atoms attached to germanium are more reac­
tive than those attached to carbon, they may be replaced by 
alkyl or aryl groups by reaction with Grlgnard reagente to 
make alkyl or aryl chloromethylgermsnee. The reaction of 
dlffiethyldictolorogerm&n© with dlazomethane gave no chloromethyl 
derivative. 
The addition of &e-H oomDOunde to olefins has only 
recently been explored and proroiseg to be a valuable tool in 
the preparation of organogermanlua compounds. Ueing this 
method, Pie Cher ejb al. (40) prepared |i-hexyltrlchloroa:ermane 
by the reaction of trlchlorogermane with hexene-1 in the 
presence of benzoyl peroxide. 
Cl3G-eH + CH2=GH-(CH2)3-CH3 >• Cl3aeCgHi3-n 
For further studies on this type of reaction see the Experi­
mental section of thle dissertation. 
One method of preparation of trialkylhalogermanes and 
dialkyldihalogermanes not open to the analogous alkylhaloei-
lansB is the cleavage of alkyl groups by means of halogens. 
Although aryl groupE may be cleaved both from germanium and 
silicon, alkyl groups attached to silicon are resistant to 
cleavage and the lateral G-H bond is cleaved Instead. Uelng 
this method Anderson (11) prepared di-n-propylbromofluoro-
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gerciane by the reaction of tri-n-propylfluorosermane with 
bromine In the presence of Iron catalyst. The dihallde was 
then converted to the oxlfle and then to the difluorlde by 
reaction with hydrogen fluoride. 
HgO 
{G3H7)3&eF + Br2 > {C3H^)2GeFBr > 
[(C3H.7) gGeO] X • > ( C3H^ ) gGeFg 
The reaction of tri-ii-propylfluorogerniane with iodine was 
uneuccesgful, however. Anderson (?) also prepared trl-n-
propylbroffiogeruane by the cleavage of tetra-n-propylgermane 
with bromine in the presence of Iron, and trl-n-butyliodo-
germane by the unexpected, cleavage of tetra-n-butylgermane 
with iodine in the abeence of solvent or catalyst (9). 
Recently, Jacobs (65) prepared sym-tetra-n-butyldiiodo-
digeriHane by the reaction of gerroanium {II) iodide •with dl-
jl-butylmercury. 
The reactions of hs-logeraaanes are usually the methods 
of preparation of other organogermaniuffl compounds, and, as 
such, have already been mentioned. Therefore, they will only 
be repeated here to point out differencee and similarities 
in halogermanee and halosllanee, and to indicate what has 
been done within the last five years on organohalogermanee. 
Reactions of halogermanes which are the same as those of 
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halosllaneg are the reduction to the Ge-H compounds with 
lithium aluminum hydride (69); reaction with dlazomethane to 
give chloromethylgermanes (I30); reaction with antimony (III) 
fluoride to give fluorogermanes (13); reaction with silver 
ealts of acids to give esters (?, 9, 15)* reaction with sodium 
alkoxide to give alkoxygermanee (2^, 1^8); reaction with 
ammonia and amlnee to give aminogermanes (10); hydrolyeie 
with alkali to give oxides or germanols {13, 1^6); and 
coupling with reactive organometallic reagents to make 
organogeriaanee and organodlgerraanes. 
Andereon (6) has recently postulated a conversion series 
for tr line thy Igernjanium compounds using the silver ealtB. 
{^3)30-61, -Br. -CI, -MGS, -Gl, -MCO, -F 
It states that any compound in the series may be converted 
to any compound on Ite right by reaction lirith the silver salt 
of the compound on its right. Thus, trimethyllodogermane 
could be converted to trimethylchlorogermane by reaction with 
silver chloride. Thie series is very similar to the one pro­
posed by Eaborn (172) and Anderson and Fischer (156) for 
eilicon compounds. Eaborn's seriee let (C2H^)3SiI, -Br, 
-ON, -CI, -NCS, -NCO, and Anderson and Fischer's is: 
(083)3811, -Br, -Gl, -CI, -ICS, -NCO, -F. The only difference 
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between the germarilum series and the silicon eerlee Ie in 
the reveresl of the MGS and CI groups. 
Reactione in which a difference is noted between halo-
eilanee and hslogermsnes may be due to a greater eteric 
hindrance of the silicon halldes. Thus, tri-l-naphthylbromo-
germane could be titrated with sodium hydroxide to give the 
germanol, however, trl-l-naphthylchlorogllane was not affected 
by alkali except under vigorous conditions (146). And tri-1-
naphthylbromogermane reacted with l-naphthylllthium to give 
the tetra-l-naphthylgermane while tri-l-naphthylchloroeilane 
would not react. 
A difference between halOBllanes and halogermanes 18 
seen in their reaction toward reduction with zinc duet and 
hydpochloric acid, Triphenylbromogermane ie reduced to tri-
phenylgermane while triphenylchloroBllane gives only tri-
phenylellanol (1^7). This suggests the possibility of a 
higher electronegativity for germaniuffi over silicon. 
Another difference is seen in the reaction of triphenyl-
methylsodluBi with trlphenylbro mo germane and t r ip he nylbromo si-
lane, With triphenylbroKOgerman©, only trlphenylmethyltri-
phenylgermane was isolated (25)» while with triphenylbromoel-
lane {16?) a variable a»ount of hexaphenyldieilane was formed 
which could not be completely separated from the triphenyl-
methyltrlphenylellane. This latter reaction suggests the 
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possibility of a halogen-metal interconverslon reaction to 
give triphenyleilylsodium which reacts with the triphenyl-
"bromosilane present to give hexaphenyldieilane. The failure 
to isolate any hexaphenyl digermane in the reaction of tri-
phenylmethylsodiuffi %?ith triphenylbroraogermane might indicate 
a lesser inclination of halogermanee to undergo halogen-
metal interconverslon reactions. 
A difference in ease of hydrolysis of halogermanee and 
haloeilanei has been noted previously. The halogermanee do 
not hydrolyz© as easily as halosilanes. This ie exemplified 
by the e&ee of alcoholysis of halosilanes to give alkoxyei-
lanes (229), while halogermanee do not react vith alcohols 
(147), The hydrolysis of dimethyldichlorogermane and tri-
methylchlorogermane are reversible reactions, with the 
eqMilibrium being far to the side of the halogermane, while 
the haloeilanee hydrolyze rapidly to form the insoluble 
oxidee. 
Rochow and Allred (116) in their etudy of the hydrolyeis 
of dimethyldichlorogermane found that this compound dissoci­
ated and hydrolyzed completely according to the equations: 
(CH^)2^eCl2 . ^(CH3)2Qe^'" + 2 01" 
(013)20®'"^ + H2O ^ - (CH3)2&eOH^ + 
(CH3)2GeOH^ + H2OV - (CH3)2Qe(0H)2 + H 
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One mole of the dlehloricle, therefore, supplies two equiva­
lents of acid quite apart from any possible amphoteric be-
hayior of the dlmethylgermandiol, and the i factor ie 5-
DiiaethyldichlorogerBiane was found to be a strong acid, sup­
porting the evidence for a relatively high electronegativity 
for geraianiuffi, 
C. Phyelological Activity 
Few studies have been made concerning physiological ac­
tivity of organogerfflanluffl compounds. Most of the work has 
been done on germanium dioxide (1, 17, 26, 58, 59, 61, 72, 
73, 7^, 89, 93, 97-101. 107, 108, 121, 124, l4l, 1^9), mono-
germane (104) and germaniuffi saltE (6^, 96, 99, 106) con­
cerning their effect In the treatment of anemia, cancer, 
tuberculoils and selenium and lead poisoning. The general 
consensug of opinion le that the inorganic compounds are of 
little or no value. CJerm&niuiii, as Ge02, was found to be less 
toxic than tin or lead, and m QeH^^, less toxic than tin or 
arsenic. 
Rochow and Sindler (118) investigated the phyelological 
effects of an aqueous solution of dimethylgermanium oxide on 
email animals and found that up to a level of one gram of 
gerioaniUBi per kllogra® of body weight, either in one doee or 
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oufflulatlvely, there was no noticeable toxic effects produced, 
and the normal hemoglobin and red cell contents of the blood 
were not changed. 
Schwarz and Scholz (128) found that a large number of or­
ganic derivatives of geraanium proved inactive against trypan-
oeoffieg and spirochetes, and also in experimental rat sarcoma. 
The most recent work on gerraaniuiB dioxide hae been done 
by Dudley, Rosenfeld and Wallace. Dudley (35) worked with 
radiogermanlum (Ge^^) and found that in radioactive tracer 
©tudleg with rabbits and doge, germanium was rapidly elimi­
nated, chiefly through the urine, with no selective tissue 
localization. The biological effectiveness of was not 
significant owing to the lot# energy of 9 kv. Dudley and 
Wallace (36) in inhalation studies with rats, by ueing tracer 
techniques found that germanlua and germanium dioxide were 
rapidly eliminated through oxidation or solution. The pos-
eible presence of impurities of hydride® of arsenic and 
antimony added hazards to germaniuai exposure. 
losenfeld (119) studied the absorption, transport, dis­
tribution, storage and excretion of gerisanium dioxide in al­
bino rate. He found that germanium wae rapidly abeorbed after 
oral, eubcutaneou6, intramuscular or intraperitoneal adminle-
tration. When injected directly into the systemic circulation 
or absorbed following oral or parenteral adminlBtratlon, it 
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was transported unbound by plasma proteins and ratildly 
eliminated from the blood stream. Germanium wae not depos­
ited selectively but wae widely dlgtrlbuted among all of the 
organs. It wag not retained or stored by any tissue even 
after many weekly doses, but was rapidly excreted via the 
urine and fecee; the kidney was the main excretory organ, 
A survey of the tissues of untreated rate did not indicate 
the normal occurrence of germanium as a microconstituent. 
G-ermaniui! was relatively inert metabollcally and of remark­
ably low toxicity. 
The toxicity wae reported by Rosenfeld and Wallace (120), 
They found that the L.D.^Q of germanium dioxide injected in-
traperitoneally into rats was 750 mg, per kg. of body weight, 
with a single lethal doee producing hypothermia, marked 
diarrhea, hemorrhagic lungs and peritoneal effusion. Multi­
ple dosages caused no abnormal hematological or morphologi­
cal alterations, an evidence of the development of tolerance. 
Tio hematopoietic effect was observed. Germanium was pharma­
cologically inert, and significant toxicity of germanium 
compounde was due to other radicals in the molecule, 
A poeslble diuretic effect has been observed by Hughes 
in thi® Laboratory during the work-up of the reaction of tri-
phenylgermylllthium with tetrahydrofuran. A finely divided 
solid was obtained, which on drying In a current of air, 
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caused irritation of the noee and throat. After drinking 
water, it was necessary to urinate seven times.within the 
next two hours; each time a normal to above normal amount 
of urine was eliminated. It ie possible that other materiale 
present besides gerBianium may have been responsible for this 
reaction. 
No infornation ie available on analogoue compounde of 
silicon, however, organogermanium oxides might be expected 
to be both more active and more toxic than organosilicon 
oxides because of their increased Bolubility. 
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Tatl© 8. Partially gufestltuted geroanee (compowncls of the 
type: R^&eH, R2^eH2» RGeH^, RgR'GeH) 
Compound l.p. or B.n., OC.® Ref. 
Ethyl- {gas) (55.75,1^3) 
Is oe,my 1- (55) 
Methyl- (gas) (55,1^3) 
n-Propyl- 30/76001®. (69,1^3) 
Dlmetbyl- (1^7) 
Ethylieoafflyl- 20/10h!H1. (55,66) 
Dlethylisoafflyl- 20/2ffiffi. (55,66) 
Tri-n-hexyl- 122-125/0. (47) 
Tri-l-naphthyl- 2^ 9-250 (146) 
Trlphenyl- 2? (beta-form) 
^7 (alpha-form) 
(Thie Theeis, 
46,147) 
Trl-n-propyl- 65/20®®, 
183/742iBro. 
(69) 
In thie table, unless a pressure is given in aiilll-
metere, the data in the M.p. or B.p. column are melting 
point®. When more than one valu© le given In the literature 
the highest valu® Is cited here. 
1.4565; 0.917. 
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Table 9. Tetraaubetituted raonogermanee, hexaeubstltuted di-
fermanee and bivalent organogermanium compounds oompounds of the type; Ri^,Ge, R3&eR*, R2^'®^'2' 
R3&e{CH2)xQ«R3, R3§®aeR3 and R2Ge) 
Cofflpound M.t). or d (°C.) Ref, 
B.p . ,  n (°C.) 
Bls-(triphenyl-
gemnyl)-methane 
1,5-B1s-(trlphenyl-
germyl)-pentan® 
1,3-Bl6-(trlphenyl-
germyl )-pi'opane 
Dlethylgarfflanluii 
Dlethyldlphenyl-
germane 
Diphenyiai-(2-
phenylethyD-
gennane 
Hexaphenyldlgermane 
132-133 
133 
135-135.5 
3l6/?60iaffl. 
60.5-61 
3kO-3kl 
^76-^79/760Him. 
Tetrabenzylgermane IO7-IO8 
Tetra-ji-butyl-
german® 
Tetra-{ 2-cyolohex-
ylethyl)-germane 
Te tr a-s- de cyl-
gerraane 
278/760rom. d 0.93^(20) 
178-180/33mffi. n 1.4571(20) 
160-161/17fflffl. 
127-128/4sBa. 
137.5-138.5 
230-2W.015®m. d 0.879(31) 
n 1.^643(25) 
(136) 
(136) 
(This Thesis, 
136) 
(65) 
(4l,li^4) 
(This Theele) 
(25,^6,^9. 
50,51,129) 
(47) 
(6,9,30,53) 
(47) 
(47) 
'"See footnote a, Table 8. 
fatole 9. (Continued) 
Compound M.p. or 
B . p . ,  
d (OC. ) 
n (°C.) 
Ref. 
Tetra-jj-dodecyl- 330-3^0/0* 000 5niin. 
germane 
Tetraethylgerraane 16^,7/760mm. 
T©tra-( 2-8thyl.-
hexyl)-germane 
TetrR-{2-furyl )-
gemane 
Tetra-n-hexa-
decylgermane 
f © t ra-i|-he xyl-
germane 
Tetramethyl-
german® 
Tetra«1-napht hyl-
germ&ne 
Tetra-n-octa-
decylgerman© 
Tetra-n-ootyl-
germane 
T©tra-( 2-i3henyl-
ethyl)-geraane 
Tetraphenylgermane 
193-196/.15ram, 
163/liim. 
99-100 
37-38 
158-161/.5mm. 
43.V760mB!. 
270 
43-i|.5 
210-213/ ,lrom. 
53-54 
234.4 
d 0.879(31) 
n 1.4654(31) 
d 0.9932(20) 
n 1.4430(20) 
d 0.909(26) 
n 1,4688(24) 
(94) 
(2,30,43,48, 
137,138) 
(4?) 
(53) 
(91) 
d 0,908(2?) (This Thesis, 
n 1.4567(2?) 4?) 
d 1.00(0) (30,88,90,110, 
n 1.3882(20) 133,148,152) 
(146) 
(91) 
d 0.891(24) 
n 1.4630(28) 
(4?) 
(4?) 
Tetra-(3-phenyl- 2^0-2$0/»0$mm, 
propyll-geraane 
d 1,106(25) 
n 1,5704(20) 
(25,30,34,43, 
49,50,54,144, 
14?,151) 
(4?) 
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Table 9. (Continued) 
CoBipound 
v.";"" 8? a 
•U # P » V t 
d (°C.) 
n (°C.) 
Ref. 
T e t ra-n-1 e t r a-
de cylgeriaant 
Tr1ethyl-^-bromo-
phenylgeroan© 
Tr let hyl-iD-car boxy • 
phenylgeraane 
Trl-n-hexyX-
phenylgeraane 
Trlme thyl-|)-broi!io-
phenylgeriaane 
Tr Ime thy carb-
oxyphenylgermane 
Trlraethylchloro-
methylgerfflane 
Trlphenylallyl-
germ&m 
frlTDhenyX-alphfe-
anillnobenzyl-
gemiane 
Triphenylbenzyl-
geroan® 
f r Ipiie nyl-alt>jaa~ 
broHiotoenzyl-
gerfflane 
friphenylchloro-
ase thy Iger mane 
TriphenyXcyclo-
bexylgeraane 
360-370/.0005mm. 
X56/l^fflm. 
160-165/. 
118/20ffim, 
119.5-121 
lX3-llV76l.5fflm. 
90-91 
123-12-^^ 
82.5-33.5 
Iif0.5-l4l.5 
117.5-118.5 
1^3-146 
d 0.880(25) 
n 1.4640(31) 
d 0.972(25) 
n 1.4984(^,2) 
(94) 
(27) 
(27) 
(47) 
(27) 
(27) 
d 1.189(25) (130,131) 
n 1.4389(25) 
(This Thee is) 
(This Thesis) 
(136) 
(This Thesis) 
(This Thesis) 
(47) 
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Table 9. (Continued) 
Coffipound M.t>. or d (°C.) 
B.p., oc a n (Oc.) 
Ref, 
Tr iphe ny 1 - 2,2-^ d iphenyl-
etiiylgerman® 
Tr ipiie ny 1d ipiie ny Im© t iayl-
phe nyl)-germane 
Trlphenylgermyldiphenyl-
carblnol 
Tripiienyl-l-hydroxyetliyl-
germane 
Tr Iphenyl-2-iiydroxy ethyl-
germane 
Tr Iphe n;y Ihy dr oxyme thyl-
german© 
Trlphenyl-2-hydroxypropyl-
germane 
Tr Iphe ny 1- 2- l^dr oxy- 2-
phe ny 1 e t hy 1 f e r laane 
friphenylfflethylgenaane 
Triphenylmethyltrlphenyl-
germ&ne 
96-97 
208-209 
158-160 
105-106.5 
93.5-95 
115«116 
92-93.5 
139-140 
70-71 
34 2-3^^ 
Triphenyl-jJ-octadecylgerman® 79.5-80,5 
Trlphenyl-n-octylgemane 72-73 
TrIphe ny1-^-pe nte nyIgermane 37-38 
Trlphenyl-2-phenylethylgermene 1^8-149.5 
frIpheny1-3-phenylpropyl- 71-72 
germane 
Triphenyl-beta-etyrylgermane 1^7-1^8.5 
(This Thesis) 
(25) 
(51) 
(This Thesis) 
(Thie Thesis) 
(51) 
(This Thesis) 
(Thie Thesis) 
(This Thesis, 
82) 
(25) 
(This Thesis) 
(it7) 
(56) 
(This Thesis) 
(This Thesis) 
(Thie Thesis) 
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Table 10. OrganohalogermaneB (compounds of the type: R^GeX, 
fl2QeX2, RG-eX^ and 
Compound B.p., °C,/mm. d (°C.) Ref, 
n (OC.) 
Chloroiie thyltrichloro-
germaa# 
E thy 1 trl chlorogerasane 
E t hy 11 p 1 lo do ge r san© 
n-Hexyltplohlorogerman© 
Isopropyltrichlorogermane 
Me t by It r lt)roiuogei'laane 
Ke t hy 11 r i 0 hi oro ge mane 
H-Propy11 r ibromoge rmane 
j|- Propy 11 r i chl oroger mane 
Tr1chlorogeraane 
Ble- (ohloroiaethyl )-
dlohlorogermane 
Chloromethylmethyl-
dichlorogemane 
DlethyldichlorogerEttane 
Dilsopropyldibrofflogermane 
60-65/35 
1^0/763 
60/18 
281/755 
97/1^ 
16%.5/767 
111/760 
50-55/5 
167/763 
47-50/20 
43-45/12 
90/21 
71-74/40 
172.8/763 
23V760 
60-61/1 
d 1.833(25) 
n 1.4989(25) 
d 1.5953(25) 
n 1.4719(25) 
n 1.4719(25) 
n 1.4700(25) 
d 1.73(24.5) 
Dlleopropyldichlorogermane 203/760 
d 1.513(20) 
n 1.4779(20) 
n 1.4720(25) 
n 1.5176(25) 
d 1.642(25) 
n 1.4890(25) 
d 1.670(20) 
n 1.519(20) 
d 1.268 
n 1.4738 
(130) 
(10,12, 
103,142) 
( 6 , 10 )  
(40) 
(117) 
(112) 
(110,112, 
113,147. 
148) 
(69) 
(69,117) 
(40) 
(130) 
(130) 
(112) 
(13) 
(13) 
78 
Table 10. (Continued) 
Compound B.p . ,  °C./inm, and Ref. 
Dlisoppopyldlfluorogerffifine 17V760 
DilBODropyldilodogera&ne 268/760 
84-86/1 
dlffiethyldlbromogermane 
dimethyldlchlorogerffiane 
dlnhenyldlbrokogermane 
124/760 
205-207/12 
120/.007 
d 1.222 
n 1.4146 
d 2.008 
n 1.597 
d 1.492 
n 1.4552a 
Diphenyldichlorogermane 100/.005 
Dl-n-ppopyldlbromogermane 240.5/760 d 1.698 
111.8-112.3/12 n 1.5173 
D1-n-propyldlc hloroge rnane 209.5/777 
60-63/5 
Dl-n-propyldlfluorogermane 182.8/764 
Di-jn-T)ropyld liodogermane 276.5/760 
128.2-128.6/9 
Bi8-( chl or dimethyl )-ffiethyl- 95-97/30 
chlorogerman® 
Tr .1-ji-bu t y 1 bromogerns ane 279/760 
143.144/10 
d 1.275 
n 1.4725 
d 1.248 
n 1.4128 
d 2.024 
n 1.5010' 
d 1.195 
n 1.4809 
(13) 
(13) 
(112) 
(22,23, 
110,112, 
113,116. 
130,148) 
(144) 
(112) 
(11) 
(11.69, 
117) 
(11) 
(11) 
(130) 
(9) 
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Tafele 10, (Continued) 
Compound B.d., °C./injii. and n^® Ref. 
T r i-n - bu t y 1 ciil 0 r oge mane 271/760 
139-1^^0/13 
d 
n 
1.054 
1.4652 
( 9 )  
Tr 1-n~bii ty 1 f luor oge rmane 245/760 
128-130/li^ 
d 
n 
1.038 
1.4419 
( 9 )  
fri-n-butyllodogermane 297/760 
163-16 VI5 
d 
n 
1.3^0 
I.5O8 
( 9 )  
Tr let .hylbromogeriaane 190.9/760 (6,43) 
TriethyIchlorogermane 175.9/760 (14,43) 
Triethylfluorogermane 1^9/751 - —  ( 4 3 )  
Tri-n-hexylbromogermane l43-ii>'5/0.5 d 
n 
1.117®^ 
1.4763 
( 4 7 )  
Tri-ji-hexylchlorogeriiane 138^139/0.5 d 
n 
0.989 
1.4661 
( 4 7 )  
Trl-n-hexyllodogermane 154-155/0.5 d 
n 
1.188° 
1.4935® 
( 4 7 )  
Tr i1g 0propyIbromogermane 23V760 d 
n 
1.231 
1.4852 
(13) 
Trlisopropylohlorogermane 222/760 d 
n 
1.110 
1.472 
(13.15) 
Tr i is opropy1fluorogermane 198/760 d 
n 
1.069 
1.440 
(13) 
V®. 
®nZ6. 
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fable 10, (Continued) 
Compound B.T5,, ®C./ffiin, end Ref. 
Trllsopropyllodogermane 25^/?60 d 1.446 (13) 
79-80/1 n 1.524 
Trlffiethylbromogermane 113.7/760 d 1.5^^^ (112) 
n 1.4705® 
Trlmetiiylchlorogei'roane 115/760 n 1.4314® (110,112, 
113) 
Trlmethyllodogerfflane 136/760 (148) 
Trl-l-naphthylbrofflogeriBs.Ee 242-243.5^ (146) 
Triphenylbroffiogerinane 138.7^ (25,30, 
43,1^7) 
Trlphenylchlorogermane 117-118^ (30.^3) 
Trlphenylfluorogermane 76•6^ (^3) 
Trl-n-propylbromogermane 242/760 d 1.282 (7,14) 
112-113/12 n 1.4832 
Trl-n-propylchlorogermane 227/760 d 1.106 (7) 
98-99/11 n 1.4641 
Tri-n-propylfluorogermane 203/760 d 1.074 (7,11) 
~ n 1,4340 
Tri-n-ppopyllodoe:ermane 259/760 d 1.443 (7) 
122-123/10 n 1.51^^ 
l,l,2,2-Tetrabutyl-l,2- (65) 
d 1 lo dod Ige rmane 
g«18. 
^;eltlng point. 
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TaMe 11. OrganogeriBanole and alkoxy germane 8 (compounds of the 
type: 'R3GeQfi', B2<^e{0R«)2. RGe(0R«)3; R« = CH2 or 
H; 
Compound M.d, or 
B . p . ,  ° C . ^  
<3 (°C.) 
n (OC.) 
Ref. 
Dlffie thylgermandlol 
Methylgermantrlol 
TrllBopropylger-
manol 
Tr 1-1- naph t hyl-
germanol 
Trlphenylgerffl&nol 
Dime tbyl d Ime t iioxy-
geriaane 
Methyltrlmethoxy-
germane 
Trifflethylraethoxy-
germane 
Triphe nyIme thoxy-
geraane 
216/760fflt!i. 
65-66/lffim. 
130-140 
13^.2 
118-118.5/763mffi. 
136.5-138/760mm. 
87-88/7 
66-67 
d 1.077(20) 
n 1.^^72(20) 
d 1.207(24) 
n 1.4093(25) 
a 1.264(24) 
n 1,4053(25) 
d 1.075(24) 
n 1.401(25) 
(116) 
(66 )  
(13,15) 
(146) 
(25,147) 
(148) 
(148) 
(148) 
(24) 
^See, footnote a, Table 8 
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fable 12. Orga,nogeraanlum oxides, eulfldee and acid 
anEjdr-ides (compounds of the type: (RoGe)^ !^ 
(R29e0)x» (R<leO)20 (R3Ge)2S) 
Compound M.p, or 
B.p., oc.a 
d (20) 
n (20) 
Ref, 
Dletbylgermanlum oxide 
(trlmer) 
(tetramer) 
Dlleopropylgermaniuffi 
oxide (trlmer) 
Dime thyIge rmanlum 
oxide 
B 1-n - T>r opy Ig © rman lum 
oxide (trlmer) 
Hexa-n-butyldleerm-
oxane 
Hexa-(2.-dlmethyl-
amlnopfeenyl)-
dlgermoxane 
19 
2?.l d 1.3582 
128.5-129.5/3mm. n 1.4711 
321/760mm. 
138-139/Iffiffl. 
133.^ 
211/760n»n. 
5.8 
320/lmffi. 
Hexabenzyldlgermoxane 13^ -135 
353/760mffl. 
173~17Vlffiffl. 
d 1.2^ 0 
n 1.4730 
d 1.027 
n 1.4652 
(144) ( 6 )  
(13) 
(23,11^, 
116,118) 
(11,69) 
(30) 
(6,9,53) 
(30) 
®Se0 footnote a, Table 8. 
83 
Tatole 12. (Continued) 
Compound M,d. or d (20) Ref, 
B. p . ,  OC.® n (20) 
He xae t hy 1 d, 1 ge r ® o xane 2 5^- 256/7 60mm. 
B e xs - n- he xy 1 d Igeria-
oxane" 
Hexal0opropyl€i-
gerinoxane 
Hexa-n-Dropyldlgerm-
oxane 
He xa-£-1 o 1 y 1 dlge rm-
ox&ne 
n-lrTopylgermanluffi 
oxide 
B i 8- {dime t hyl ger­
manium)-sulfide 
210-211/. O^mni, 
315/760iBm. 
119-120/Imm. 
Hexephenyldigermoxane 183-185 
305/760min. 
175/l^®ro* 
147-148 
dec. 285-290 
55.5 
302/760am. 
a 1.1^7 
n 1.^61^ 
d 0.963(25) 
n 1.^645(25) 
a 1.112 
n l.if836 
d 1.068 
ml.^648 
( 6 )  
(^7) 
(13) 
(2^,30. 
50,51) 
(6 . 7 , 8 ,  
11) 
(30) 
(69) 
(22,114, 
1^7) 
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Table 13. Organogermanlum esters (compounds of the type: 
R30eOOCR«, R2&e(00CR')2. RGe(00CR')3 and 
(R^&e)2A01|. ; A = Cr or S) 
Compound B.t)., and Ref. 
n20 
D 
Bie-{trlethylgermanlum)-
sulfat© 
Ble-{trlieopropylgermanluffll-
sulfate 
Ble-( tri-n-propylgermaniim)-
eulf&te 
Dime thy Igeraanluii cliromate 
Dlmethylgermanluin dlacetate 
Dl-n-propylgermanlum-tls-
monocliloroacetate 
Dl-ri-propylgermanluffi 
dlacetate 
Dl-n-propylgermanlum 
sulfate 
Ethylgermanluffi triacetate 
342/760 
380/760 
182-184/1 
370/760 
180-182/1 
dec. 158® 
188/760 
94-95/25 
50 c 
296/760 
143-145/2 
244»6/760 
89/1^ 
35.6° 
129® 
249/760 
99-101/1 
49® 
d 1.311® (8,14) 
n 1.4748 
d 1.217 
n 1.482 
(15) 
d 1.186^ (8.14) 
(116) 
(12) 
d 1.374 
n 1.4793 
d 1.393 
n 1.444 
(11)  
(11) 
(11) 
(12) 
®d25. 
bfl/to. 
®Meltlng point. 
Table 13. (Continued) 
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Compound B.p., 0C./mm. d.' and 
20 
nj) 
B,ef. 
Ethylgermanluffi trl- 271/760 d 1.186 (12) 
n-butyrate 136-137/2 n 1.4432 
EthylgermanluiB 230/760 a 1.617 (12) 
triforaiate 118/9 n 1.452 
Ethylgeroaniuffl 256/760 <3 1.271 (12) 
ti'li:>ropioiiate 114-116/2 n 1,4434 
Ethylgemanlum trl- 305/760 d 1.136 (12) 
n~valerate 157-159/2 n 1.4456 
Trl-n-butylgerraanlui! 272/760 d 1.027 (9) 
acetate I47-1^8/14 n 1.4514 
Trl-n-butylgermanluffl 267/760 d 1.051 (9) 
foriiate 1^^9-151/16 n 1.4538 
?ri-n,-butylg«r«anluEi 324/760 d 0.988 (9) 
heptanoate 147-148/1 n 1.4539 
Trl-n-butylgermanlum 262/760 d 1.144 (9) 
trlfluoroacetate n 1.419 
Tr ie t by1fferaanlum 190.5/760 d 1.1299 (4,8) 
acetate n 1.4413 
frlethylgermaniuffl 244/760 a 1.423 (16) 
bromoacetate 74-75/1 n 1.4842 
Triethylfferfflaniuffl alBha- 74-75/1 d 1.370 (16) 
broiBoproplonate n 1.4725 
Trletbylfferm&nium beta- 85*86/1 d 1.376 (16) 
broffioproplonate n 1.4832 
Trietby1germanium n-butyrate 221/760 d 1.084 (16) 
133-134/47 n 1.4486 
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Table 13. (Continued) 
OA 
Compound B,p,, ®G,/ffl3ii. d and Ref, 
«20 
np 
Tr le t by 1 ge ria&n luffi 
chloroacetate 
Trlethylgermanlum alpha-
chloroproplonate 
Trlethylgemanluffl beta-
cKLoropropionat© 
Trie thy IgerraanluiB 
dicbloroaoetate 
Trlethylgermanlum 
cyanoaoetate 
TrlethylgerffiBnlum 
lodoaoetate 
TrlethylgermanitiM beta-
lodoproplon&te 
Trie thyIgermanlum 
propionate 
Trie thy IgermanluiH 
trlchloroacetate 
Trlethylgermanlum S-trl-
ethylgermylmercaptoacetate 
Trlethylgeraanlum 
n-v»lerate 
frlisopropylgermanlum 
acetate 
23^/760 
113-11V6 
235/760 
73-75/1 
236/760 
7^-75/1 
248/760 
105-106/1 
98-99/1 
25V760 
85-86/1 
94-96/1 
205/760 
119-120/50 
125-126/3 
326/760 
230/760 
62-63/1 
229/760 
152-153/83 
d 1.243 
n 1.4672 
d 1.201 
n 1.4619 
d 1.210 
n 1.4672 
d 1.304 
n 1.4672 
d 1.194 
n 1.464 
d 1.593 
n 1.5112 
d 1.544 
n 1.5002 
d 1.109 
n 1.4481 
d 1.368 
n 1.4790 
d 1.2224 
n 1.4993 
d 1.062 
n 1.4467 
d 1.070 
n 1.4532 
(16) 
(16) 
(16) 
(16)  
(16) 
(16) 
(16) 
(16) 
(16) 
(4,8, 
14) 
(16) 
(15) 
Table 13, {Continued) 
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Compound B.p., d^® and 
«20 
Ref. 
frlieopropylgermanluffi 317/760 d 1.132 (15) 
benzoate 130-132/1 n 1.5138 
Trilsopropylgermanlum 256/760 d 1.045 (15) 
n-butyrate 180-182/98 n 1.5480 
Trllsopropylgerm&niua 269/760 d 1.144 (15) 
alpha-chloroDroplonate 95-97/1 n 1.4672 
TrllBopropylgemanlum 97-99/1 d 1.154 (15) 
beta- chlorooroMonat e n 1.4717 
Trlisopropylgermanlwin 275/760 d 1.236 (15) 
diclalopoaoe tate 92-93/1 n 1.4772 
Triisopropylgermanluffi 271/760 d 1.331 (15) 
mono "bromoace tate 98-99/1 n 1.4872 
fPiIsopropylgermani uo 269/760 d 1.182 (15) 
fflonochloroaeetate 101-103/1 n 1.4722 
TrliBopropylgermaniuffi 281/760 d 1.465 (15) 
inonolodoacetate IO7-IO8/I n 1.5090 
Trlleopropylgerfflanium 242/760 d 1.059 (15) 
n-propionate 16^-166/90 n 1.4538 
TrilsopropylgermanluiB 107-109/1 d 1.291 (15) 
tFlehloroacetate n 1.4850 
Triieopropylgeriianiwii 220/760 d 1.178 (15) 
trlfluoroacetate n 1.4200 
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TaMe 13# (Continued) 
Compound B.p., °C./ffim, 20 d^ and 
n20 
D 
B.ef. 
Trlleopropylgermanlum 266/760 d 1.034 (15) 
n-valerate 82-83/1 n 1.4560 
f r i-|i-propjlge rmanlum 236/760 d 1.071 (8) 
acetate 112-113/13 n 1.4464 
Trl-n-propyigermanlum 266/760 d 1.226 (8) 
dichloroaeetate 150/10 n I.47O8 
Tri-n-propylgermanlum 233/760 d 1.094 (8) 
formate 108-109/12 n 1.4505 
Tri-n-propylgermanlum 267/760 d 1.325 (8) 
raonobroaoaeetate 1^^9/10 n 1.4778 
Tri-ji-propylgermanluii 265/760 d 1.166 (8) 
fflonochloroacetate 143/10 n 1.4640 
Trl-n-propylgermaniua 2^6/760 d 1.054 (8) 
propionate n 1.4473 
Trl-n-propylgermanlum unstable (8) 
trichloroacetate 
Tri-n-propylgermanium 226/760 d 1.189 (8) 
tri?luoro©.cetate n 1.4103 
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Table 14. Trlphenylger-manecarboxyllc acid and Its esters 
(eonpounds of the type; (CgH5)30-eC00H and 
(CgH5)3&eCOOR) 
Coapound M.p.. ®C. Ref. 
Trlpbenylgei'H&ne-
eartooxylic acid 
Methyl trlphenyl-
germane Gftrtooxylate 
Silver triphenyl-
germane c&rboxylate 
Sodluii trlphenyl~ 
germane oarboxylate 
TrIphe nyIge ray1 
t r iphe ny 1 ge rmane-
carboxylate 
189-190 
105-107 
163-16^ 
(This Thesle, 24, 25) 
(24,25,49,51) 
(25) 
(25) 
(This Thesis, 24,25) 
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Table 15. OrganoaHiinogermanee (compoundg of the type: 
RSeHgNHg, R^GeNR'R", RGe{NR'2)3) 
Gofflpound M.p, or B.p., Ref. 
Itbylamlno-
Etiiyl-trle-
(diethylamino)-
Ethyl-trl8-
(dlfflethylamlno)-
Methyl-trle-
(dimethy1amino)-
i-Trlphenylgermyl-
hydrazobenzene" 
2^9/760mm. . 
117-118/12mra.^ 
19l/760inffl. 
105-107/348118. ° 
1^3-143.5 
(55) 
(10) 
(10) 
(10) 
(This Thesis) 
®See footnote a, Table 8. 
1.108. 
®d^^ 1.0^9 
"^Composition not definitely eetablished. 
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Table 16. Organogermanluffl eyanetes, leocyanatei, thiocya-
nates, isothlocyanatee and cyanides 
Compound M.id. or d (20) Ref, 
B.p., oc.a n (20) 
Diet hy 1 ge r man lum 
dllBothiooyanate 
Dlroe tiiylgeraanluiB 
thlocyan&te 
frl-n-butylgerinanlum 
iBo'cyanate 
Trl-n-butylgerijanliam 
leoThlocyanate 
Trle t hylgermanlua 
cyanide 
T rlethylge rmanlum 
Isoeyanate 
frle thylgermanluni 
leothlocyanate 
Trllsopropylgermanlum 
Isooy&nate 
Trileopropylgeriaanluffi 
Isothiocyanate 
Tr1-n-pr0pyIge rmanlum 
cyanide 
Tri-n-propylgermanlum 
Iso'cye.eat# 
frl-n-'oropylgeriaanium 
l8o"fchloeyanate 
298/?60inm. 
113~116/lmm. 
45.5-47 
266-268/760ram. 
283/760iBm, 
109-110/2fflffl. 
319/760fflin. 
135-136/2mm. 
18 
213/760mm. 
ZOOA/7QOmm. 
252/760mm. 
113-llV8rain. 
238/760fflm. 
65-66/lmni, 
277/760mm. 
84-8 6/1 mm, 
253/?60mm. 
115-117/lOmm. 
247/760mffi. 
114/10mm. 
287/760mm, 
X4.V 144/9 ffim. 
d 1.044 
n 1.4595 
d 1.1514 
n 1.4519 
d 1.097 
n 1.4602 
d 1.112 
n 1.512 
d 1.055 
n 1.4575 
( 6 )  
(116) 
(9) 
( 6 )  
( 6 )  
( 6 )  
(6,14) 
(15) 
(13) 
(6 )  
(7) 
( 6 )  
®*See footnote a. Table 8. 
92 
fable 17. CoBipounde containing germanium and another Group 
I? B elenent or boron (compounds of the type: 
{R3G-e)^E, (B.3G-e)2ER', R^SeER^, R3G-eER'3, RjQe( CB2)x^^3 
and (R3G-@)3EX; E = boron or IV B element other than 
cartoon; X » OH, Br, Gl, LI, MH2, H or R') 
Compound M.p., OC. Kef. 
Trie-(trIphenyIgermyl)-
boron 
(136) 
Bis-(trlphenylgerffiyl)-
butylboron 
(21) 
Trlmethylgermylffiethyl-
methyldiffiethoxysilane 65-68/18mm.® (131) 
1-Trlphe nylgersayl- 5-
trIphenylsilylpentane 137-138 (56) 
Trlphenylgermyltrlphenyltln 289-291 (This Thesis) 
Triethylsllyltrlphenyl-
germane 
93.5-9^.5 (50) 
Trlphenylsllyltrlphenyl-
germane 
357-358 (49) 
Trie-{trlphenylgermyl)-
broffloellane 
241.5-242.5 (92) 
Trl8-(trlphenylgerroyl)-
chlorosllan® 
230-231 (92) 
TrIs-(trlphenylgermyl)~ 
ethylsllane 
283-284.5 (92) 
Trie-(trIphenyIgermyl)-
silane 
187.5-188.5 (alpha) 
170-171 (beta) 
(92) 
Tris-(trlphenylgermyl)-
sllanol 
196.5-197.5 (92) 
Tris-(trlphenylgermyl)-
ellylaialne 
206-206.5 (92) 
Trls-(trlphenylgermyl)-
sllylllthiuffl 
(92) 
oiling point. 
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Table 18, Organogemylmetallic compoundB (compounds of the 
type: R^SeH, R3G-eCH2M; R or R' = 
R«'GHg or H; M = Na, LI, K or MgCl) 
gohjpouna Ref. 
&e r mylpo t a® s ium (55,1^3) 
G-ermyleodluffi (55,75,1^3) 
Ethylgermylllthluffi (55 )  
Ethy1gerray1s0alum (55 )  
leoafflylgeriBylllthlum (55 )  
Methylgermylllthluii (55 )  
Methylgermylsoaiuia (55 )  
D1ethy11BoamyIgermy111thium (55 )  
Diphe ny1-2-phe ny1et hy1ge way11i t hium (This Thee 1b) 
TrIphe nylge rmy111thlum (^9 .50 .51 )  
Trlphenylgerfflylpotassiuffl ( 25 ,50 ,51 )  
Triohenylgermylsodium (21, 46 ,75 ,92,136) 
Trlffietbylgernjylmethylffiagnesium chloride (131) 
9^ 
III. EXPERIMENTAL 
All reactions InvolTlng reactive organometallic reagents 
were carried out in an atmoephere of dry, oxyaen-free nitro­
gen. The nitrogen >ras dried and the oxygen removed "by pase-
ing the gas through a train consisting of alkaline pyrogallol, 
concentrated sulfuric acia, anhydrous calcium chloride and 
eoda lime. 
The apparatus normally consisted of a dry, three-necked 
flask equipped %rith a frubor stirrer with glass stirring 
paddle, a dropping funnel and either a Friedriche condenser 
with a nitrogen inlet tube connected to ite top outlet or 
merely a nitrogen inlet tube. The flaek and its attachments 
were dried either in an oven at 110° or by meane of a buneen 
burner while nitrogen was being passed through the eyetem. 
A positive pressure of nitrogen wae maintained at all times 
during a reaction involving a reactive organometallic reagent. 
All solvents were dried over sodium wire prior to their 
uee. The sodium wire was added directly to the can containing 
ether, without prior trangferral of the ether to another con­
tainer, A piece of Tygon tubing served to guide the Bodium 
wire into the can and aleo as a Bpout to pour the ether into 
another container. 
95 
G-ermanluffi analyees were carried out by placing about 
0,2 g. of the sample for analysis in a Vycor glaee crucible 
followed by 1 ml, of concentrated sulfuric acid and a few 
drops of fuming nitric acid. Th© crucible was then cautious­
ly heated by means of a Rogers ring burner in the manner used 
for eilleon analyse® (188). When all acid vae gone the oxide 
was ignited to constant weight by means of a bunsen burner. 
When a Meeker burner was used for the final ignition the re­
sults were low, presumably due to the sublimation of the 
oxide, for some of the oxide wae deposited in the crucible 
lid. 
Recently, Gilnian, Ingham and Goreich (52) have devised 
a qualitative test for both elllcon and geruianium in their 
organic compounds. By means of this test one is able to 
identify germanium or silicon, but one is not able to dif­
ferentiate bet%Teen the two, fhe test involves decompoeItlon 
of the organic compound containing germanium or silicon using 
sodium peroxide and eodlum carbonate. The soluble ellicate 
or gerinanate formed 1b reacted with aBimonlum molybdate and 
benzidine, then neutralized with sodium acetate to give a 
blue color. Ueing tetraphenylgermane, solutions a? dilute 
as 0.0031 g./lO fill, still gave a positive teet. 
The boiling and melting points listed are all uncor­
rected. Melting points were taken by means of a copper 
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block which was electrically heated and controlled by means 
of a Varlac. 
A. Preparation of Starting Materials 
1. Te traphenylgernane 
Tetraphenylgermane has been prepared by means of the 
reactions of phenyl magnesium bromide with germanliiffi tetra­
chloride (6?, 151) in about 75 pei* cent yield, phenylmagneeium 
bromide with germanium (lY) bromide (95) in per cent yield, 
diphenylzinc and gerffianium tetrachloride (80) in 73-95 per 
cent yield, Wurtz reaction of bromobenzene and germanium 
tetrachloride in the presence of sodium (127,151) in about 
50 per cent yield and phenyllithluiB with germanium tetra­
chloride (71) in 90 per cent yield. 
The latter reaction wae chosen becauee of the high yield, 
however this yield could not be duplicated in seven attempts. 
The highest yield obtainable was 70 per cent with other rune 
giving 46, 50, 58, 59» 60 and 64 per cent. 
The procedure coneisted of adding an ether solution of 
germanium tetrachloride to the stirred, ether solution of 
phenylllthlum (20 per cent excess) while the latter was 
cooled by roeans of an ice bath. When the addition was 
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complete the ether was rerooved by distillation and replaced 
by toluene. After refluxlng 2 hours about 200 ml, of 6 N 
hydrochloric acid was added dropwiee while the mixture wae 
cooled by means of an ice bath. The tetraphenylgermane was 
then filtered off and recrystallized from toluene to give a 
product melting; 226-229°. More of the product was obtained 
by volume reduction of the toluene filtrate. 
2. Hexaphenyldigermane 
Hexaphenyldigeriaane has been prepared by the reactions 
of germanium tetrachloride with phenylmagneslura bromide (6?) 
in 60 per cent yield, phenyllithium with triphenylgermane 
(68) in 50-60 per cent yield and triphenylbromogermane with 
sodium in refluxlng xylene (80, 82, 95) In 86-93 per cent 
yield. 
In thle Laboratory the Wurtz reaction with trlphenyl-
brofflogermane gave only 37 per cent yield and with triphenyl-
cWLorogermane, 70 per cent yield, and would seem to be the 
method of choice if the high yields could be duplicated. How­
ever, the reaction of phenylmagnesium bromide with germanium 
tetrachloride wag chosen because the starting materials were 
more readily available and the aide products (tetraphenyl­
germane and triphenylbromogerraane) were valuable, Yielde of 
98 
iiexaphenyldlgerme.ne from this reaction varlea from 6 to 39 
per cent, wMle yields of tetraphenylgerKane ©.nd triphenyl-
broiaogermane reached 58 and 56 per cent reepictlvely. 
In the course of other etudlee it -was found that hexa-
phenyldigeraane could be prepared In 86 per cent yield by the 
reaction of trlphenylbroaogermane t^rith eodluBi-potaesiuni alloy 
In refluxing ether. If trlphenylbromogermane is available 
this would geem to be the isethod of choice. 
The Wurtz aaethod cone is ted of placing 15 g- (0.04 mole) 
of trlphenylchlorogeraane, 2,2 g. (0,1 g, atom) of Eodlum and 
100 ral. of xylene in a flask and heating the mixture until 
the sodium melted. Stirring wag then begun and the mixture 
refluxed 6 hours. After cooling to room temperature the in­
soluble solid was filtered off and added cautiously to ab­
solute ethanol to destroy the excess sodium. Water vas then 
added and the product filtered and washed five timee with 
water. The yield of product melting 3^2-3^^°  9 ,3  or  
69.5 per cent. 
3. Trip he nylbromogeraiane 
Triphenylbromogermane has been prepared by the reaction 
of phenylffiagnesium bromide with gera&nluffi tetrabromide (95) 
in 26 per cent yield and bj' the cleavage of tetraphenylgermane 
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toy bromine In both carbon tetrachloride (77, B2) and ethylene 
bromide (68, 102) in quantitative and 76 per cent yields, 
respectively. 
The bromine cleavage of tetraphenylgermane was used to 
prepare triphenylbroffiogermane with yields in refluxlng carbon 
tetrachloride being 59 and 6^ per cent and in ethylene 
bromide being ^ 7, 62 and 70 peJ* cent# 
Using carbon tetrachloride as the solvent, 50.0 g. (0.13 
mole) of tetraphenylgermane and 22.^ g. (0,l4 mole) of bro­
mine were refluxed in 230 ml. of solvent for 10 hours. The 
excess bromine and all of the carbon tetrachloride wae die-
tilled off and the residue was crystallized three tlmee from 
glacial acetic acid to yield 32 g. (6^ per cent) of product 
melting 13^-137°. 
When ethylene bromide was used as the solvent, 125 
(0,33 oole) of tetraphenylgermane and 52.7 g» (0.33 mole) of 
bromine was warmed on a eteam bath in 250 ml. of solvent un­
til all of the bromine color disappeared. Then a small amount 
of bromine was added and the heating continued until all of 
the solid dieeolved. The exceee bromine and solvent were 
distilled off to leave a residue which wae dissolved in 
glacial acetic acid and cooled to crystallize 78 g. (62 
per cent) of product melting 128-131°• 
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'Irlphenylohlorogerm&n© 
Triphenylchlorogermane has usually been prepared by the 
reaction of hexaphenyldlgermoxane with hydrochloric acid, eo 
a method was worked out using- the reaction of phenylmagnesium 
bromide with germaniuis tetrachloride, 
A 350 ml. ether solution of phenylmagneslum bromide pre­
pared from 1^1.3 g. (0.9 mole) of bromobenzene was added to 
a Btirred solution of 55 g. (0,256 mole) of germanium tetra­
chloride in 300 111. of ether %'-hile the latter was cooled in 
an ice bath, ihen the addition wag complete the mixture was 
stirred overnight and then hydrolyzed pouring it into a 
6 K hydrochloric acid solution. The ether solution was dried 
over anhydrous BodiuiE sulfate and the solvent distilled to 
leave a residue which was distilled at 0.02 mm, and 160® to 
give 7^.1 g. of material melting over the range 125-1^1®* 
This mixture wag converted to the oxide bj? refluxing it with 
^•0 g. of silver nitrate in about 600 ml, of absolute ethanol 
for 3.5 hours. The hot mixture was filtered and the residue 
washed with chloroform and benzene to yield H.^i- g. (11.7 per 
cent) of tetr&phenylgermane melting 230-235°* The filtrate 
was diluted with water to precipitate 52 g. of oxide melting 
over the range 125--170°* This vas then refluxed about 20 
hours in 500 ml, of 5 cent sodium hydroxide solution 
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containing about 100 ml, of ethanol. Cooling and filtration 
yielded. ^ 3.8 g, i55'2 per cent) of Jriex&phenyldigermoxane 
melting over the range 175-1B5^* This oxide wae converted 
to the chloride by refluxing it for 3 hours in 400 ml. of 
ethanol containing about I50 ml. of concentrated hydrochloric 
acid. Cooling and filtration gave 45.8 g. (53 P®r cent) of 
triphenylchlorogermane aelting 118-120°. 
5. Tr iphe ny 1 g® raiane 
fhe method of Johnson and Harris (68) wae used for the 
preparation of triphenylgermane. Yielde obtained were 60, 
65# 75 and 80 per cent as cort.pared with Johnson's yield of 
79 per cent. The highest yield of product in this Laboratory 
was obtained after refluxing the reaction mixture 16 hours 
instead of the 1 hour recofflraended by Johnson and Harris, 
The product obtained melted at ^5-46°. 
B. Trlphenylgerffiylmetallic Compounds 
1. TrlphenylgermylpotasBiuBi 
a. From hexaphenyldigermane. It has been found that 
hexaphenyldigermane is not cleaved by sodium-potaeeium alloy 
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alone in diethyl ether. It is necessary to use an Initiator 
to ©ffect cleavage, and either tetrahydrofuran or bromoben-
zene is useful in this respect* 
(I) fe'lth tetrahydrofuran* To 5.0 g. (0.00823 mole) 
of hexaphenyldlgsrmane in 5 ral« of sodium-dried ether wae 
added 2 ml. of 1:5 sodium-potassium alloy. The mixture -was 
stirred 5 minutes then 20 drops of unpurlfied, commercial 
grade tetrai^drofuran wm added. Within 2 minutes after the 
addition of the tetrahydrofuran a light brown color was evi­
dent. After stirring 3© minutes an additional 30 ml. of 
ether was added and the mixture etirred 2? hours. The excese 
alloy was then amalgamated according to recent directions 
(208) and the trlphenylgermylpotaeslum suspeneion was trans­
ferred to another flask by pouring in a stream of nitrogen. 
(II) With bromobenzene. Five grame of hexaphenyl-
dlgermane and 2 ml. of 1:5 eodium-potaBelum alloy were mixed 
with enough ether (5-10 ml.) to make a paste. Stirring of 
the mixture was begun and after a few minutes 50 drops of 
bromobenzene were added over a period of 2 houre, the color 
changing- from white to green to brown-black. After stirring 
24^ hours the exceee alloy was amalgamated and the suspension 
transferred to another flask, and then 10 g. (O.O66 mole) of 
triethylchloroellane was added dropwlse. After stirring 10 
minutes the mixture was hydrolyzed by the dropwiee addition 
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of 100 ml, of water. The ether layer then was separated, 
dried and the ether distilled yielding a liquid from which 
separetefl. 5 g- of solid melting at 90-92®. Recrystallization 
of this solid from absolute ethanol yielded 3.7 g. (55.3 per 
cent) of triethylsilyltriphenylgermane melting at 95-96.5®. 
Mixed melting point and infrared analysis showed the com­
pound to be identical with the triethylsilyltriphenylgermane 
obtained from other preparations of triphenylgermylpotasEiuiB. 
(ill) In diethyl ether without initiator 
(attempted). When ^.7 g. (0.00772 mole) of hexaphenyldiger-
Mane was treated with 1 ml, of eodium-potasBium alloy in 10 
ml, of sodium-dried ether for a period of 2^ hours, there vae 
little evidence of reaction. After addition of 2.64 g, 
(0,015 mole) of ^ -broraotoluene in 100 ml, of dry ether, the 
mixture was stirred 6 ho'iTB and then hydrolyzed by the drop-
wise addition of water. Filtration of the reaction mixture 
yielded U-.U g, (96 per cent) of hexaphenyldlgermane melting 
at 3^1.5-3^3°* Another attempt under the same conditions 
yielded 3*7 g. (80 per cent) of starting material melting 
at 3^2-3^3.5°. 
(Iv) With eodlum-PotagBlizm alloy in refluxing 
di-n-butyl ether (attempted). To 5 g. of hexaphenyldigermane 
was added 1 ml. of eodium-potaseium alloy and 30 ml, of di-n-
butyl ether. Thie mixture was refluxed 6 hours and then 
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ellowed to stir 20 hours without refluxlng. Water then was 
added to the stirred mixture and after 15 minutes It wae 
filtered yielding 0.5 g. of broiim infusible material vhich 
was ineoluble in all solvents tried, fhe organic layer was 
separated and concentrated by distillation, leaving a yellow 
oil. This oil was distilled at 150° (0.1 mm.), yielding a 
colorleeg oil which wag not identified, but which was 
probably trlphenylgerman®. 
(v) ¥ith eodlum'-potaesium alloy in refluxing 
xylene (attempted). A mixture of 5 g. of hexaphenyldigermane, 
1«1 ml, of sodium-potasBluffl alloy and 50 ml, of sodium-dried 
xylene was refluxed 23 hours giving a brown-colored solution. 
This solution was hydrolyzed by the dropwise addition of 
water, and the mixture was filtered, giving 0.5 g. of in­
fusible material, fhe organic layer wae separated and dis­
tilled, yielding a yellow oil. Upon dietillation at 150® 
(0,1 mm,) a colorless oil vm obtained which was not identi­
fied, but which was probably trlphenylgermane. 
(vi) With eodiuia-potaesium alloy in benzene 
(attempted). To 4,3 g» of hexaphenyldigermane was added 1.5 
ml. of sodium-potaeBlum alloy and enough eodiuro-dried benzene 
to make a slurry. The mixture wae stirred 40 minutee while 
& green color developed; then an additional ^5 ml. of benzene 
was added and the mixture was stirred 6 hours. At the end 
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of this time & large amount of %?hite solid wae etlll visible, 
eo 20 drop® of tetr&hydrofiiran was added and the mixture was 
stirred 90 hours longer. The ©xcese alloy ^r&E amalgamated 
and the black Buepension was transferred to another flaek. 
Color Teet I (202) wae positive at this point. To this 
stirring mixture was added 1.5 g. (0.01^ mole) of trimethyl-
chlorosilane, and the mixture was stirred 1 hour. Then water 
was added dropwiee and the mixture was stirred 0.5 hour; 
filtration yielded 3.3 g. (76.? per cent) of hexaphenyldi-
germane melting over the range 332-339°. The benzene layer 
was separated and dried over anhydrous sodium sulfate, then 
the benzene was distilled, leaving a solid weighing 1.0 g, 
and melting over the range 233-300°- ^^ashing the 3.3 g. of 
solid with ether yielded 3*2 g. of hexaphenyldigermane 
melting at 3^2-3^3°• Recryetallization from benzene of the 
1.0 g. of solid obtained above yielded 0.1 g. of hexaphenyl-
digemane melting at and 0.7 g. (13 P®!^ cent) of 
tetraphenylgermane (mixed melting point) melting over the 
range 229-235°. 
(vii) With potaseiuffi in refluxing xylene 
(attempted). To a flask was added 5 g. of hexaphenyldiger-
mane, 0.7 g. (0.017 g. atom) of DOtaseium and 50 ml. of dry 
xylene. The mixture was stirred and refluxed 26 hours to 
yield a deen bro%m suspension giving a positive Color Test I. 
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Then 2»9 g. (0,0165 roole) of ^ -bromotoluene dleeolved in 15 
ml. of xylene was adcied. After stirring 1,25 hours the color 
wae still black but Color Test I wae negative. The mixture 
%'ae heated to reflux and filtered hot to remove all excess 
potasgiuBi. Cooling the filtrate gave 0.5 g. {10 per cent) 
of hexaphenyldigermane melting 3^1-342®. Volume reduction 
and cooling gave an additional 0.2 g, (2 per cent) of starting 
material melting 3^2-3^^^^' Removal of the xylene left a 
yellow oil. 
Cviii) With sodium--DO tag eluin alloy in tetrahvdro-
furan (at tempted). To a fla®k wae added 5 g. of hexaphenyl-
digeraiane, 1.2 ml. of eodlum-potaeeiu® alloy and 10 ml. of 
tetrahydrofuran. This mixture wae stirred 28 hours then the 
excess alloy wae amalgamated and the brown Bolution trans­
ferred to another flaek. Six grams of triethylchlorosilane 
wae added and after 10 minutes water was added to hydrolyze 
the mixture. Working-up the reaction mixture gave no solid 
products, 
(ix) With eodiuffl~pot&8siua alloy in ethylene 
glycol dimethyl ether (attempted). When 5 g. of hexaphenyl-
digermane was stirred with 1.5 ral. of eodium-potassium alloy 
in 50 lal. of ethylene glycol dimethyl ether for 12 hours and 
then 2.2 g. of triethylchlorosilane wae added and the mixture 
worked-up as previously mentioned there wae obtained 3.2 g. 
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of unreacted hexaphenyldlgermane (64 per cent) melting 335-
3^0®. A second run gave 28 per cent of recovered hexaphenyl-
digermane and 2^.7 P©i* cent of hexaplienyldlgermoxane melting 
18^-188°, 
(x) With potassium in ethylene glycol dimethyl 
ether (Q-DME) (attempted). When 5 of hexaphenyldigermane 
was stirred with 0,65 g. (0,0165 mole, 2 g. atom equivalente) 
of potasBiuffl in 10 ml, of Q-DME for 31 houre and 2,3 g« of 
triethylchlorosilane was added there was recovered 38 per 
cent of hexaphenyldigermane even though all of the potaeeium 
wae UBed up. 
b. From tetraphenylgermane. The cleavage of tetra-
phenylgermane by eodlum-potagsiiim alloy can be achieved in 
either diethyl ether or ethylene glycol dimethyl ether. In 
neither solvent has there ever been isolated any product from 
the reaction of the phenylpot&seium which should be present 
from the cleavage of a phenyl group. Preeuroably the phenyl-
potassium is ueed up in cleaving the solvent. 
(i) In diethyl ether. The reaction of tetraphenyl-
gexTBane with sodium-potaeeium alloy ie carried out in exactly 
the eeme manner as was the reaction of hexaphenyldigermane 
with eodiu®-potassluffl alloy except that no initiator is neces-
iary. It is essential that the amount of ether ueed initially 
be kept to a minimum, because &-c, excees of ether will cauee 
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the alloy to become coated and the cleavage probably will 
not begin, 
(li) In ethylene glycol dimethyl ether (G-DME). To 
a flask wae added 5 g. (O.OI3 mole) of tetraphenylgermane, 
25 ffil. of G-DME and 1,5 »1. of sodium-potassium alloy. After 
stirring 2.5 hours there vae no evidence of any unreacted 
solid so the excess alloy wae amalgamated and the deep black 
solution was transferred to another flaek. To this stirred 
solution there was added 3.3 E* (0,0262 mole) of benzyl 
chloride diseolved in 30 ml. G-DME. The color wae dis­
sipated immediately and heat was evolved. After stirring 2 
houre the mixture was hydrolyzed by the addition of 200 ml. 
of water. Filtration gave 0.1 g. {2.5 per cent) of hexa-
phenyldigermane melting 3^2-3^^®. The ether layer wae sepa­
rated and the water layer washed three times with ether. The 
combined ether washings were dried and the solvents distilled 
to leave a residue which was crystallized from 1:1 methanol-
isopropanol to give 2,9 g. of solid melting over the range 
83-150®. fhie -w&B washed with petroleum ether (b.p. 60-70°) 
to give 0,5 g. of Insoluble material melting over the range 
84-158°, The filtrate was cooled to give 1,8 g. (3^.8 per 
cent) of triphenylbenzylgermane melting 85-86®. The 0.5 g. 
above was recrystallized from petroleum ether (b.p. 60-?0°) 
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to give 0.4 g, (10 per cent) of hexaphenyldlgermoxane melting 
186-189°. 
(iii) In benzene (attempted). When 5 g. (0.013 
mole) of tetr&phenylgermane VB.B stirred with 2 ml. of eodium-
potas8ium alloy in 10 ml. of benziene for 190 hours there wae 
little evidence of reaction. The excess alloy was amalgamated 
and trimethylGhlorosilane mras added. Working-up the reaction 
mixture gave 0,2 g. (5 pei* cent) of hexaphenyldigermane 
melting 3^2-3^5° and 3.3 (66 per cent) of recovered tetra-
phenylgerroane melting 23^-237°. 
c. From triphenylbromogerinane (attempted). "When 5 g. 
(0.013 mole) of triphenylbromogermane was stirred with 1 ml. 
of eodiuHi-potaBsium alloy in 50 ml. of ether for ^ 7 hours, 
then the excees alloy wae amalgamated and the mixture hydro-
lyzed with water there was obtained upon filtration 3.4 g. 
(86.2 per cent) of hexaphenyldigermane melting 336-339°. 
2, Triphenylgeraiyllithiuai 
a. From t©tr&phen.vlgermane» To a flaefe was added 7.12 
g. (0.0187 mole) of tetrapheriylgermane, 2,0 g. (0.288 g. 
atom) of lithium ^J^ire cut into 2-3 lengths and about 5 
Bil. of sodiuffl-dried, redistilled ethylene glycol dimethyl 
ether. After about 40 minutes the reaction had started ae 
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wag ©Tidenced by the development of a 'brown color, '4hen the 
color deepened to a very dark brown (usually 1-2 houre efter 
the reaction® had "begun) an additional 20 ml. of solvent v&b 
added and the mixture was stirred until there wae no evidence 
of unreacted solid (usually 4-5 hours with slow stirring and 
2-3 hours with rapid stirring). The dark-colored solution 
waB pipetted into a dropping funnel and the residual lithium 
washed with solvent, with the washings being added to the 
main eolutlon. 
Yields of products from many reactions involving trl-
phenylgermylllthiuffi Indicate that the reagent is obtained in 
aporoxlmately 70 per cent yield. In no reaction has there 
been isolated any product from the phenylllthlutn which should 
be present from the cleavage of tetraphenylgermane with lithi­
um. Presumably it Is destroyed by reaction with the solvent. 
Runs made using amounts of tetraphenylgermane In exceee 
of 40 g, gave poor results due to the fact that the two phase 
reaction requires such long reaction time that elde reactions 
involving the soluble trlphenylgermylllthlum, the solvent 
and the lithium metal reduced the concentration of the trl-
p he ny 1 ge rmy 1111 hiuia. 
A large excess of lithium is desirable due to the fact 
that tetraphenylgeraiane is insoluble in the solvent and the 
large metal excess permits better contact of the reactants. 
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In e large number of preparations It has "been observed 
that the time required for the color to appear varies from 5 
minutes to 2.5 hours. The reaction etarts faster if the amount 
of solvent added initially is kex)t to a minimum. Reactions 
which failed to ptart when too much solvent vaa added ini­
tially developed a color when the excesp solvent was removed 
by evaporation of the solvent in a stream of nitrogen. 
It h&B also been observed that the concentration of tri-
phenylgermyllithiuffi decreases with time, presumably by reac­
tion with the solvent, so it is necessary to use the reagent 
as soon es it ie prepared, 
b. From hexaphenyldigermane. The preparation of tri-
phenylgerayllithium from hexaphenyldigermane 1B carried out 
in exactly the same manner as that described above for tetra-
phenylgermane. A ^0 per cent yield of the c5erlvative, tri-
ethyleilyltriphenylgermane, •was obtained when triethylchloro-
silane was added to the reaction Fiixture. 
c. From triphenylchlorogermane. Ueing exactly the same 
procedure as above a 53 pei* cent yield of triethylBilyltri-
phenylgermane "was obtained from triphenylgermyllithium pre­
pared from triphenylchlorogermane. 
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C. Other Orgsnogermylmetalllc Gomnounde 
1* Dlphe nyl'- 2- phe ny 1 @ t hy 1 ge r my 1111 hlum 
fo a flask was added, 5.0 g. (0,0122 mole) of triphenyl-
2-i)henylethylgeriiiane, 10 ml. of ethylene glycol dimethyl 
ether and 1.1 g. (0.159 g. atom) of llthiu® wire cut up into 
small piece®. After stirring 4-0 ffiinutee a green-brown color 
appeared, and after 1 hour fifteen minutes an additional 10 
ml. of solvent was added. Reaction was complete after a 
total stirring time of 4 hours 40 minutes, so the darkly 
colored eolutlon was pipetted Into a dropping funnel and 
added dropwiee to ^,52 g. (0.024-i!- mole) of 2-phenylethyl 
bromide. Heat was evolved and when addition was complete 
the Color Test I, which had been positive before addition, 
•was negative and the dark color of the solution had disBlpat-
ed. After stirring 2 hours the mixture wae hydrolyzed by 
the dropwiee addition of water. The aqueous layer was ex­
tracted with ether and benzene, then the organic layer was 
separated, dried and the solvente distilled to leave a liquid 
reeldue. This was distilled under reduced pressure to give 
a fraction of 2-phenylethyl bromide boiling at 90° at 15 mm., 
a higher boiling fraction boiling over the range 169-207° at 
0,05 m®. and 2.? g. (51 P®!* cent) of diphenyl-bis-( 2-phenyl-
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etisyl)-germane boiling at 210® and O.O5 mm., m.p. 59-61°. 
This was reorystalllzed from ethanol to give 1.^ g. of 
product melting at 60,5-61°. 
Anal. Calcd. for C!^8H2gGe: 16.61. Found: G-e, 
16.64, 16.62. 
2. Triphenylgermyleodiuffi (attempted) 
a. From hexaphenyldigermane. When 5 g. of hexaphenyl-
digermane was refluxed with 0,4 g. of sodiiam in 50 ml. of 
eodiuffi-dried xylene for 28 hours and the mixture was cooled 
and the ©xcese sodium destroyed by the addition of the resi­
due to ethanol, there was recovered 4.7 g. (94 per cent) of 
hexaphenyldigermane melting over the range 336-342°. 
b. Froffi triphenylgermane. After etirring a mixture of 
5 g. (0.0143 niole) of triphenylgermane, 0.5 g. (0.22 g. atom) 
of sodium and 25 ml. of ether for 3 days the mixture was 
filtered and the ether distilled leaving a liquid which was 
dissolved in hot methanol and cooled yielding 4.3 g. of 
starting material melting 45-46°; volume reduction and cooling 
gave 0.7 g« of starting material melting 45-46°. Total yield 
of recovered triphenylgermane -was 5 g. (100 per cent). 
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3. TrIphenylgermy1ce e ium (att empte d) 
To 2.4 g. (0.0078 g. atom) of cesium was added 4.7 g. 
(0.00772 mole) of liexaphenyldlgermane and 15 ml, of eodlum-
drled ether and the mixture wae stirred 48 hours. Then about 
50 ml, of toluene was added and the excess cesium was destroyed 
toy the dropwlee addition of abeolute ethanol. The ether and 
ethanol were distilled and the solution remaining was cooled 
and shaken with water in a eeparatory funnel. The mixture 
was filtered yielding 1,8 g, (38*3 per cent) of hexaphenyldi-
a:ermane melting over the range 338-342°, Concentration of 
the toluene filtrate yielded an additional 0,6 g. (12,7 P®r 
cent) of starting material melting at 341-342°, 
4. Trlphenylgermylmagnesium chloride (attempted) 
To a flask was added 5 g» (0,014? mole) of trlphenyl-
chlorogermane, 0,4 g. (O.OI5 g, atom) of magnesium turnings 
and 5 ®1» of ethylene glycol dimethyl ether. After etlrrlng 
2,5 hours there was no evidence of reaction so an adc3itional 
50 ml, of solvent was added and the mixture refluxed 67 hours. 
At this time the mixture was hydrolyzed by the addition of 
water, then it wae filtered to give 4.5 g. (90 per cent) of 
starting material melting over the range 116-120°. 
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Recryetallization from ethsnol narrowed the melting range 
to 116-118®. 
5. TrItoenzylgermylllthlum (attempted) 
To a flask was added 5 g. (0.0114 mole) of tetrahenzyl-
germane, 0.8 g. (0,12 g. atom) of llthluiD and 10 ml. of 
ethylene glycol dimethyl ether. After etlrring 3 minutee 
the color became deep red-brown and heat wae evolved. After 
stirring 5 hours 15 minuteB Color Test I was positive so the 
mixture wae pipetted into a dropping funnel and added drop-
wiee to 2,5^ g« (0.023 mole) of ethyl bromide. Heat wae 
evolved and the darls: color dissipated. After stirring over­
night, water wae added, the organic layer wae separated and 
the aqueous layer washed with ether. The combined ether 
portions were dried over enhydroue sodium sulfate and the 
solvents dietilled to leave a residue which was distilled 
under reduced pressure to give fractions having the following 
boiling ranges: 212-216®/0,8 iwb, , 216-221°/0.8 mm., below 
186°/0.005 mm, and 186-198°/0.005 mm. No trlbenzylethylger-
mane (a.p. 56-57*^) could be found. 
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6. Trl~a~'DutylgermyllitMuffi (attempted) 
To a flaek was added 6.02 g. {0,02 mole) of tetra-n-
butylgermane, 1.2 g, (O.I73 g. atom) of lithium and 10 ml, 
of ethylene glycol dimethyl ether. After stirring 96 hours 
the mixture me dark black, however Color Teet I was nega­
tive. Water was added to hydrolyze the mixture •with the 
•black color dissipating and heat being evolved. The aqueous 
layer was separated and washed with ether, then the combined 
ether portions were dried and the solvents distilled to 
leave an oil which was distilled under reduced pregsure to 
give 5.52 g. (92 per cent) of starting material boiling 
110-113V0.7 mm. 
7. 'rrl-ii~hexylgermyllithiuBi (attempted) 
A mixture of 2.03 g. (O.OO5 mole) of phenyltri-^-
hexylgermane, 0,3 g. of lithium and 7 ml. of ethylene glycol 
dimethyl ether was stirred 2^ hours to yield a deep red 
solution giving a poeitlve Color Teet I, The solution was 
pipetted into a dropping funnel and added dropwlse to 1,7 
(0.01 ffiole) of n-hexyl bromide dieeolved in 20 ml, of 
ethylene glycol dimethyl ether. After stirring 5 minutes 
Color Teet I was negative, then after standing 48 hours 
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water was added and the mixture extracted with ether. The 
ether portions were dried and the eolvente dletllled to leave 
a residue which wae distilled under reduced preeeure to give 
1,3 g. (65 per cent) of etartlng material boiling 186-188°/ 
IQ 0,7 am., nD^/1.4959, An infrared analysis showed the 
material to be phenyltrl-n-hexylgermane. 
8. frl-ii-"00tylgermyllithium (attempted) 
After stirring a sixture of 5»3 g. (0,01 mole) of tetra-
n-octylgerraane, 1,3 g. of lithium and 10 ml, of ethylene 
glycol diaiethyl ether for 18 hours a reddish color had de­
veloped and Color feet I was positive; after 67 hours the 
red solution wae pipetted into a dropping funnel and added 
dropwiee to 7.7 g. (0,02 mole) of triphenylbromogermane dis­
solved in 25 ml, of ethylene glycol dimethyl ether. The red 
color w&B dissipated iraffiediately. After etlrring ^  hours 
water was added and the mixture wae extracted with ether and 
filtered to give 2.8 g, of eolld melting at 186-189°, The 
ether solution Kae dried and the Bolvente distilled to leave 
a residue which wae washed with petroleum ether (b,p, 60-70°) 
to give 2,5 g. of insoluble eolid melting over the range 160-
188°, The above two eolidg were reoryetallized from petroleum 
ether (b.p, 60-70°)-chloroform to yield 4.3 g. (68 per cent) 
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of hexaphenyldlgeriaoxane melting 18^-185°' The original 
petroleum ether filtrate was distilled to give 3,57 g. (67 
per cent) of starting aiaterial tiolllng at 223°/0.015 mm. 
9. Tri-n-butyIgermylpotagslum {attempted) 
After B. mixture of 3*01 g. (O.Ol mole) of tetra-n-
butylgeraiane, 1.1 ml. of sodium-potaBeium alloy and 20 ml, 
of ethylene glycol dlfflethyl ether had been stirred 115 hours 
the alloy was still bright and the mixture was slightly gray. 
The alloy was amalgsjnated and the euepeneion transferred to 
an addition funnel, then it was added rapidly to 5.9 g. (0.02 
mole) of trlphenylchloroeilane dissolved in the eame solvent. 
There was no evidence of reaction. After stirring overnight 
water was added and the mixture extracted with ether. The 
ether was dried and dietilled to leave a residue which was 
washed with petroleum ether (b.p. 60-70°) to give 5.3 g. of 
insoluble solid melting over the range 148-155°* This was 
recryetalllzed from petroleum ether (b.p. 60-70°) to give 
3.6 g. (66 per cent) of triphenyleHanoi (mixed melting point) 
melting 155-157°. The original petroleum ether filtrate was 
dietilled to give 3.0 g. ClOO per cent) of starting material 
boiling 148 /II BHB. 
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10. Trl8~(2--phenyletlivl)-gerfflyllltMum (attempted) 
After stirring a mixture of 4,9 g. (O.Ol mole) of 
t©tralcie-(2-phenylethyl)-gerffiiane, 1.3 g» of lithium and 25 
ml, of ethylene glycol dimethyl ether for 68 hours the color 
wae dark hrown and Color fest I was poeitive. The Bolutlon 
was pipetted into a dropping funnel and added rapidly to 
5.9 g. (0,02 mole) of triphenylchloroBilane dissolved in the 
same solvent. Heat wag evolved and the dark color disBipated. 
After stirring overnight water was added and the mixture ex~ 
tracteci with ether. The ether was dried and the eolvente 
distilled to leave a reeldue which was washed with petroleum 
ether (to,p. 60-70°) to give 5.1 g. (97 per cent) of triphenyl-
Bilanol melting over the range 142-149®, Recryetallization 
from petroleum ether (b.p. 60-70°) gave 4.5 g. melting 151-
153°. original petroleum ether filtrate vae distilled 
to leave a liquid which solidified on cooling to give 4.8 g. 
(quantitative recovery) of starting material melting 42-44®. 
Recrystalllzation from ethanol gave 3.8 g. of starting 
material melting 48.5-50^* 
11, Triethylgerroyllithiuffi (attempted) 
When a mixture of 3,9 g. (0.02 mole) of tristhylchloro-
germane, 1.0 g, of lithium and 5 ml, of ethylene glycol 
120 
dimethyl ether was stirred overnight a solid precipitated 
which was filtered off and found to be soluble in water. 
The Bolvent distilled and the residue distilled under 
reduced pressure to give 1.8 g. of a liquid boiling at 
120®/l4 mm. This was redistilled to give a liquid boiling 
at 120°/14 mm., np 1.4775, b.p. { micro boiling point method) 
263-266^/atffl. prees. Infrared analysis showe a characteris­
tic peak at 11.7 microns indicative of the Ge-0 linkage, 
indicating that the material le probably hexaethyldigermoxane 
In 3k per cent yield. 
D. Preparation of Other Organos;ernie,nlum Compounds 
1. fetrasubstituted germaneg 
a. Trlphenyl"2~phenylethvligermane. The triphenylgermyl-
llthluffl from 18.0 g. (0.03 mole) of hexaphenyldlgermane was 
added dropiflee to 11.1 g. (0.06 mole) of 2-Dhenylethyl bro-
iBlde dlseolved in 10 ml. of ethylene glycol dimethyl ether. 
Color Test I wae negative iminedlately after addition was com~ 
plete. After stirring 3 hours the mixture waf hydrolyzed by 
pouring it into a eaturated solution of anjmonium chloride. 
This mixture was extracted with ether and both layers were 
filtered to give 1^.5? g. of product melting 1^7-1^9°. An 
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additional 4.78 g. of product melting I4l.5-l45*5° was ob­
tained from the ethei-" lajer. These were combined and recrye-
telllzed from petroleu® ether (to.p, 60-70*^) to give 15.56 E* 
(63.5 per cent) of product melting 148-1^9°. M additional 
2,3 g* (9»4 per cent) of impure product melting over the 
range I4l-l48° was obtained from the remaining petroleum 
ether. 
When the Bam® product was prepared by the reaction of 
0.l4 mole of 2-phenylethylmagneeiuffl bromide with 15.0 g. 
(0.044 mole) of trlphen.ylchlorogerniane there was obtained 
10.5 g. (58.4 per cent) of product melting 148-149,5® and 
2.7 g. (15 per cent) of impure product melting over the 
range 145-148®. 
Anal. Calcd. for CggHgi^C-e; C, 76.34; H, 5.91. Found: 
C, 76.38, 76.24; H, 6.08, 5-95. 
b. Triphenyl-3-phenylpropylgeraiane. The Grignard re­
agent from the reaction of 19-9 g. (O.l mole) of 3-ohenyl-
propyl bromide and 2,4 g. (0.1 g. atom) of magnesium was 
allowed to react with 10.0 g, (0.03 mole) of triphenylchloro-
gerinane suspended in 25 ml. of ether. After re fluxing 24 
hours the ether was dletllled off and the residue heated at 
l40° for 7 hours. After hydrolysis with water the mixture 
V&8 filtered to give 3.2 g. of an infusible solid. The 
ether wag separated, dried and the solvent distilled to 
122 
leave an oil which, vae cryetall 1 zed from petroleum ether 
(b.p. 60-70°) to give 4.2 g, (33 per cent) of product melting 
71-72® and 1,0 g, (7.9 per cent) of impure product melting 
67-69°. 
c. Triphenylallylgermane. To a Buepeneion of 51.9 g. 
{0.1^7 mole) of triphenylchlorogermane in 100 ml. of ether 
was added 0,212 mole of allylmagneeium bromide prepared ac­
cording to the direction© of (xilman and McG-lumphy (195). 
After stirring overnight the solvent was distilled and the 
residue heated at 100° for 48 houre. The ether was readded 
and the mixture hydrolyzed by the addition of 100 ml. of 6 N 
hydrochloric acid, Filtretion gave 1.6 g. of solid melting 
over the range 210-230°. This material was not further 
identified. The ether layer was eeparated, vaehed with 
water, and dried over anhydrous sodium sulfate. The solvent 
wag then removed by distillation and the residue distilled 
over the range 19^-200° (2.0 mm.) to give 44.3 g* of Impure 
product melting over the range 77-90°. This material was 
recryst&lllzed twice from ethanol to yield 30 g, (59 per 
cent) of triphenylallylgermane melting 90-91.5°. 
Anal. Calcd, for Ggi H;?nG-e: Ge, 21,05. Found; Ge, 
21,24, 21,19. 
d, Te t r a-jQ- he xy 1 ge r mane. 
(i) From hexylmagneaium broinide. To 56.3 g. 
(0.262 mole) of germanium tetrachloride dissolved in 500 ml. 
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of benzene was added dropwlse 1.^7 «oles of hexylmagneBium 
bromide In 650 ml. of ether. When the addition was complete 
the mixture was stirred 8 hours then refluxed 1 hour, then 
poured into an acetic acid-ice mixture. The organic layer 
was separated, dried and the solvent dietllled to leave a 
liquid residue which was distilled at 0.04 jam, to give the 
product which boiled over the range 150-157®• Yield, 90.7 g. 
(82 per cent); n^'' 1.4588, 0.899. 
Fuchs In this Laboratory (^7) prepared thie compound 
and found its physical conetants to be the following: 
1.4567; 0.908; b.p. 158-161° (0.5 mm.). 
(11) From hexyllithium. To 50.0 g. (0.233 mole) 
of a:ermanlum tetrachloride disBolved in 500 ml. of benzene 
was added dropwlse 1.39 moleg of hexylllthium in 950 ml. of 
ether. After etirrlng 8 hours the mixture was refluxed for 
1 hour. Worklng-up the earae as above and diet illation gave 
the following fractions; 8.3 g., b.p. 135-1^0® (O.O^ ram.); 
4.1 g., b.p. 140-150® (0.04 mm.); 9.0 g., b.c. 150-155° (0.04 
lam.); 6.6 g., b.p. 155-160° (0»04 mm.); 4.5 g., b.p. 160-180® 
(0.04 ram.); 2.7 g., b.p. 180-215° (0.04 mm.); 6.7 g.• b.p. 
215-224° (0.15 mm.); 1.6 g. , b.p, 234-245® (0.2 mm. ) . n^® 
of the fraction boiling 150-155®, 1,4618. 
e. Triphenyl-n-octadecylgermane. An ether solution of 
0.025 mole of oct&decylmagneeium bromide wae added rapidly 
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to 7.42 g, (0 ,025 mole) of trlphenylchlorog-ermane suspended 
in 25 ffll. of ether. When addition wee complete the mixture 
was refluxed 72 hours then stirred at room temperature for 
an addition&l 24 hours. Then 100 ml. of water was added and 
the mixture wae filtered to give I.3 g. of Ineoluble material 
melting over the rang© 74-82°. This was recrystallized from 
petroleum ether (b.p. 60-70°) and ethanol to yield 1.0 g, 
(13 per cent) of hexatrlacontane melting 74-75®. The ether 
solution was separated from the aqueous layer, dried and the 
solvent dietllled to leave a residue which weighed 12.7 
and melted over the range 60-65*^. This material vae crystal­
lized repeatedly from both ethanol and petroleum ether to 
give 4.2 g. C30 per cent) of pure trlphenyl-n-octadecylger-
Biane melting 79.5~80,5°i and 2.1 g. (15 per cent) of Impure 
material melting over the range 69-74°, 
Anal. Calcd. for CjQn^2^e: C, 77*57' ,  H, 9.40; Ge, 
13.03. Found: C, 77.47, 77.42; H, 9.45, 9.43; Ge, 12,81, 
12.89. 
f. 1.l-Dit)henyl-2-triphen.Ylgermylethane. To &n ether 
Bolutlon (40 ml.) of dlphenylmethylsodium prepared by the 
cleevage of 2.97 g» (0,015 mole) of benzhydrylmethyl ether 
by 1 g. (0.044 g, atom) of sodium over a period of 2 days 
(231)1 was added an ether suepenelon of 3*53 g. (0.01 mole) 
of trlphenylchloromethylgermane. After stirring 24 hours 
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the mixture was poured Into a saturated ammonium chloride 
Bolutlon, then the ether layer was separated, dried and dis­
tilled to leaYe a residue ^f-hlch was washed with methanol to 
give 2.8^ g. of Insoluble material melting over the range 
85-110°• The methanol solution was set aside and there 
crystallized 1,5 g. of material melting over the range 70-
76°. The 2.84 g. was refluxed In methanol and filtered hot 
to give 0.13 g^ of insoluble eym-'tetraphenylethane. melting 
211.5-213.From the methanol filtrate there was obtained 
an additional 0.2? g. (total yield 8 per cent) of tetraphenyl-
etha.ne. Work-up of the residues gave 0.5 g. (l^ per cent) 
of recovered triphenylchloroffiethylgermane, and 0.44 g. (9 Der 
cent) of l,l-diphenyl-2-trlphenylgerffiylethane, m.p. 96-97®. 
2. Organogermanee containing functional groups 
a. Ethyl triphenylgermanecarboxylate (attempted). 
(l) Direct esterlficatlon. Hydrogen chloride gas 
was paeeed through $0 ml, of ethsnol for 10 minutes then 1.0 
g. of triphenylgermanecarboxyllc acid was added and the mix­
ture refluxed while hydrogen chloride gas was passed through 
for 1 hour. Cooling the solution gave 0.84 g. (85 per cent) 
of triphenylchlorogermane melting 119-120°. 
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(H) Froia tMoiiyl e.hloplde and acid. A eolutlori 
of 3.5 g. Co.01 sole) of trlphenylgermanecapboxjllc acid in 
20 lal, of benzsne cont&iniag 2 ml. of thlonyl chloride was 
heated on a Eteaai bath. Vigorous frothing occurred and after 
refluxiag 1 hour the excess thioiiyl chloride and benzene were 
reaioTed by distillation at reduced pressure and room tempera­
ture. The remaining solid was dissolved in warm absolute 
ethanol and cooled to give 2.75 g. of solid melting over the 
range 113.5-120®, Water was added to the remaining ethanol 
and the solution cooled to give 0.45 g* of solid melting over 
the range 175-182®. RecryetalllEation of the 2.75 g* from 
ethanol gave 2.5 g. (7^ per cent) of triphenylchlorogermane 
melting 119-120°. The 0.4^5 g* wae recryetallized from 
petroleum ©ther (b.p. 60-70®) to give 0.35 g. (11 per cent) 
of hexaphenyldigeMox&ne melting 183-184®. 
b. T r Iphe nyl chl o roBie t hy Igermane. 
( ! )  From cbl.oroaetto^ltriehlorogera&ng. To 0,31 
mole of phenylmagn®si«ffi bromide in 260 ml. of ether was added 
20.5 g. (0,09 mole) of ehlorometbyltrichlorogernane (prepared 
according to the directions o f  Seyferth and Rochow (I30))  
diluted -f'd t.h an equal volume of ether. When addition was 
couplete the isixture was refluxed overnight. After hydroly-
6Is by me&ne of saturated ammonium hyrsjroxide aolution, the 
ether layer was separated, dried and the solvent distilled 
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to leave 33.25 g. of ©aterlal melting over the range 95-110°. 
This product was recrystallized from petroleum ether (b.p, 
60-70®) to yield 24.11 g. (76 per cent) of product melting 
116-118°• An analytical sample melted 117-118.5°. 
i^nal. Calcd. for Cj^^H^'jif&eCl: G-e, 20,54. Found: Q-e, 
19.88, 19.67. 
{11) From trlphenylhydroxymethylgermane and 
thlonyl chloride (attempted). To a solution of 0.89 g. 
(0.00266 mole) of triphenylhydroxyraethylgerniane, 10 nil. of 
chloroforo and 0.21 ml. (0.00266 mole) of pyridine cooled 
in an ice to&th, was added 0,19 ®1. (0.00266 mole) of thionyl 
chloride diseolved In 5 ral. of chloroform, Gae was evolved 
during the addition and when it was complete the mixture was 
refluxed overnight, fhe solvent was evaporated in a stream 
of dry air leaving a residue which was dissolved in ether, 
fhe ether eolution was washed with water, dried and the ether 
distilled to leave an oil which was fractionally crystallized 
from petroleum ether (b.p, 60-70®) to give two products whose 
identities have not been established. One melted at 145-
146° (0,22 g.) and the other melted at 76-77® (0,11 g.). 
c. fritihenylbromomethyl^ermane (attemiated). To a 
solution of 3.19 g. (0.01 mole) of triphenylmethylgermane 
in 50 ml. of carbon tetrachloride containing 0,05 g. of 
benzoyl peroxide, was added 1.78 g. (O.Ol mole) of 
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i-'br0ffi08ucclnifliide. An orange color developed immediately 
upon heating to reflux . After refluxlng 48 hours the cooled 
mixture was filtered to give 1.23 g» of a "brown powder 
melting over the range 113-118°. The solvent was distilled 
off and the reeidue wa© washed with petroleum ether (b.p. 
60-70°) to precipitate & small aniount of eolld, The solvent 
was removed and the residue was crystallized from methanol 
to give 2.26 g. (71 P®!* cent) of recovered trlphenylmethyl-
geraane nieltlng 68.5-71°» 
d. frlphenyllodoiBethylgerm&ne (attempted). To a solu­
tion of 7.5 g* (0.05 mole) of eodlum iodide in 50 ml. of 
acetone w®@ added 2.9^ g. (0.0083 ffiole) of trlx>henylchloro-
ffiethylgemsne. After standing overnight 50 ml. of hexane 
was added, however, no sodium chloride precipitated, instead, 
the ffiixture separated into two layers BO 100 ml, more of 
hexane was added and the mixture waB extracted 3 times with 
water. The organic layer was dried and the solvents dietilled 
to leave 2.5 g. of starting material (85 per cent) melting 
117-118°. 
e. Triphenyl-l-chloroethylger^ane. Using the same 
procedure as that above (2, b, (ii)) 0.6^ g. (0.00183 mole) 
of trlphenyl-l-hydroxyethylgermane was allowed to react with 
an equivalent amount of thior.yl chloride in 5 ml. of chloro­
form containing 0.0018 mole of pyridine. There was isolated 
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0.1^ g. of a solid melting 1^3-1^^•5°• This may be the 
ehlopo compound, however the small amount obtained prevented 
further charecterlzatlon of the compound. 
f. Yriphenyl"2-ohloropropylgermane (attempted). Using 
the eame procedure as that above 2,85 S* (0.00785 mole) of 
triphenyl-2~hydroxypropylgeriiimne was allowed to react with 
an equivalent amount of thionyl chloride in 20 ml. of chloro­
form containing 0.00785 raole of pyridine. A gas was evolved 
during addition of the thionyl chloride and the mixture was 
refluxed 2.5 hours after addition was coaplete. Working-up 
the product gave only 1.52 g. (50 per cent) of triphenyl-
chlorogemane (mixed melting point) melting 117-118°. 
g. friphenyl-alpha-broroobenzylgermane. To 50 nil. of 
carbon tetrachloride was added 3*95 g* (0.01 mole) of tri-
phenylbenzylgermane, 1.78 g. (0,01 mole) of N-bromosuccini-
mide, and 0,05 g* of benzoyl peroxide. After refluxing 2^ 
hours a eolid floated on top of the otherwise clear Bolution. 
This was filtered to give 0.95 g. (96 per cent) of succinimide 
melting at 12^-126®. The solvent was distilled to leave a 
residue to which was added petroleua ether (b.p. 60-70°) pre­
cipitating 2.23 S' solid melting 131-136°. This was re-
cryetalllzed twice from petroleum ether to give 1.79 g. (38 
per cent) of product melting at 140.5-1^1.5°• 
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A eecond run was made with refluxing only 1,5 hours to 
give 2.24 g. (48 per cent) of product melting 136-139°» 
Ami, Calcd. for C25H2]^GeBr: CJe, 15.32. Found: Ore, 
15.09, 15.46. 
h. friphen.vl~2--broffio~2~phen.vleth.Ylgermane (attempted), 
fo 100 ml. of carbon tetrachloride there was added 12.2? g. 
(0.03 mole) of trlphenyl-2-phenylethylgerinane, 5.34 g. (0 .03 
mole) of N-bromoguccinimide and 0,15 g. of benzoyl peroxide. 
After refluxlng 1 hour the mixture was allowed to cool to 
room temperature overnight, then it was filtered to give 
2.92 g. (99.3 P®2* cent) of euccinimide melting 125-127°. 
fhe solvent wae dietilled and the residue solidified to give 
14.36 g, of materiel melting over the range 94-108°. This 
was recryitallized repeatedly from ethanol and benzene-
petroleum ether (b.p, 60-?0°) to give an impure solid and 
1.73 g. (l4 per cent) of triphenyl-beta-styrylgermane 
(nixed melting point) melting 147-148.5®. 
A second run of O.OO5 mole of trlphenyl-2-phenylethyl-
germ&ne gave only 0,12 g, of hexaphenyldlgeraoxane melting 
182.5-184.5°. 
i. Triphenylgermylmethyliaagneeium chloride. To a flask 
was added 0,24 g. (O.Ol g. atom) of magnesium, 5 ml. of 
ether, 3»53 g. (0.01 aole) of triphenylchlororaethylgermane, 
and tw small crystal® of iodine. The mixture was refluxed 
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OTernight, at which time the mixture was gray and, most of 
the nagneBiuffi had toeen used up. This mixture was filtered 
through a glase wool plug into another flaek and 1.2? g. 
(0.01 mole) of benzyl chloride dieeolved in 25 ml. of ether 
was added rapidly. After stirring 5 hours water wae added, 
then the ether layer was separated, dried and the solvent 
distilled to leave an oil which would not crystallize until 
the excesB benayl chloride wae distilled at reduced pressure. 
Crystallization fro» petroleum ether {b.p. 60-70°) gave 2.1^ 
g. (67 per cent) of triphenylmethylgeriaane melting 69-70°. 
A second run failed to give any reaction with magnesium 
and 0.24 g. of magnesium and 2.90 g. (82 per cent) of tri-
ph®nylchloromethylgermane were recovered. 
J. friPhenylgermylBiethyllithiua (attempted). A mixture 
of 3*53 g* (0.01 mole) of triphenylchloroffiethylgermane, 0.15 
g. (0,022 g. atom) of lithium and 50 ml. of ether was stirred 
72 hour®, at the end of which time Color fest I was negative. 
The suspension was pipetted into water, the water was ex­
tracted with ether, and the ether was dried and distilled to 
leave 3*57 g* of starting material melting 112-115°. Recrys-
tallization froHi petroleum ether (b.p, 60-70°) gave 2.9^ g., 
as. p. 116-118°. 
A eecond run ueing 5 ®1* of ethylene glycol dimethyl 
ether gave a deep brown solution which was poeitive to Color 
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f®st I, after stirring 5 iiour®. This wag. pipettec Into a 
droprilng funnel and added rapidly to 1.06 g. (0.01 mole) of 
"benzaldehyde dissolved in ethylene glycol dimethyl ether. 
The brown color wae disaipatea Immediately, and after stirring 
overnight the mixture m.e hydrolyzed by pouring into ammonium 
chloride solution. This %m8 extracted with ether, the ether 
dried and distilled to leave a residue which resisted crys­
tallization from every solvent tried. 
E. Organogermanee Containing Another Group IV B Element 
1. Preparation 
a. friphenylsilyltriphenylscermane. To a suspension of 
triphenyleilylpotassium in ether prepared by the cleavage of 
3.5 g* (0.0068 fflole) of hexaphenyldisilane (208), was added 
5.0 g. (0.013 fflole) of triphenylbroffiogemane suspended in 
about 25 ml. of ether. After stirring 2.5 hours the mixture 
was hydrolyzed by the slow addition of 100 ml. of water. 
Filtration then yielded 6.7 g. of solid melting over the 
range 302-323°. The ether layer yielded a small amount of 
solid which was added to the 6.7 g. and crystallized from 
toluene to give 5.6 g. of solid melting over the range 
313-320°. Another crystallization from toluene and one 
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from beazene gaye 4.3 g, (63 P®!* cent) of product melting 
351.5-353°-
A repeat of the above procedure using trlphenylchloro-
germane gave a 43 per oent yield of product melting at 354-
355°. 
An attempt to prepare this compound by the reaction of 
triphenylgerfflylpotaEsiuffi with triphenylchloroeilane gave a 
39 P®i* cent yield of triphenyleilanol and a 64 per cent yield 
of tetraphenylgerman®. Other than these compounds only an 
apparent mixture was obtained which probably contained hexa-
phenyldieilane and the product. 
Mai. Calcd. for C3gH3o(J©Sl; G, 76.?6; H, 5.40; GeSi, 
17.84. Found; C, 77.26, 77.19; H, 5.51. 5.46; GeSi, 17.83, 
17.91. 
b. TriDhenjljgeriiyltriphenyltln. To an ether Buspension 
of triphenylgemylpotassium prepared by the cleavage of 19.1 
g. {0,05 iBole) of tetraphenylgerraane with sodium-potassium 
alloy, wag added 19.3 g. (0,05 ©ole) of triphenyltin chloride. 
After stirring ovejP'nlght the ralxture was hydrolyzed by 
pouring it into a saturated solution of ammonium chloride. 
Filtration gave a eolld melting over the range 250-275° 
(dec.). This was recrystalllzed twice from benzene to give 
19.5 g» (60 per cent) of product melting 286~289°. 
13^ 
Using the same procedure, two other runs gave 26 and 
6^ per cent yields. When the trlphenylgermylpotasslum was 
added to the trlphenyltln chloride, however, there was ob­
tained a mixture, from which no pure product could be Iso­
lated, A iolxture was likewise formed when triphenylchloro-
germane was allowed to react with triphenyltlnllthlum. 
0. Trlphenylgermyltriphenyllead (attempted). When the 
trlphenylleadllthluffi froo the reaction of 0.102 mole of 
phenylllthluBi with 0,03^ aole of lead (II) chloride was 
allowed to react with 11.5 g. (0.03^ mole) of trlphenyl-
chlorogermane there was obtained 19.8 g. of solid which 
decomposed at 175°. Repeated crystallization of this 
material froia benzene gave 0,6 g. of an unknown solid melting 
, o 
at 145 with decomposition and 5*1 g. of material melting at 
89-91®, which was not identified. 
Similarly, the reaction of triphenylgermylpotassiura, 
from 5.15 g« (O.OI35 mole) of tetraphenylgermane, with 6.4 g, 
(0,0135 mole) of triphenyllead chloride gave only 5.8 g. of 
tetraphenyllead, 
d, Triethylsilyltrinhenylgermane, This compound was 
the product from the derivatlzation of the trlphenylgermyl-
metalllc compounds, and thus its preparation has been 
described previously. 
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e. l-Trlphenylgerinyl-3-trlphenylsllyl-propane (attempted). 
A mixture of 5.53 (0.016 mole) of trlphenylallylgermene, 
26 g. (O.IO mole) of trlphenylellane, 0,32 g. (O.OOI3 mole) 
of benzoyl peroxide and 25 nil. of hexane was refluxed 21.5 
hours, thejn the solvent was removed by diet Illation and the 
liquid residue v&cuum distilled to remove the excess trlphen-
ylgllane and triphenylallylgerfflane. The residue wais recrye-
talllzed from ethanol several times to give 0.28 g. of solid 
melting at 142,5-1^^°. A mixed melting point with authentIc 
l-trlphenylgerBiyl-3-triphenylsllylpropane gave a depression, 
however their Infrared spectra were quite similar. 
A second run gave no pure product whatsoever. 
2. Reactions 
a, Trlphenylgermyltrlphenylellane» 
(I) With oxygen in refluxlng xylene. Dry air >me 
bubbled through a refluxlng solution of 1»0 g. of triphenyl-
geriDyltriphenylsilane in 50 ®1. of xylene for 48 hours. 
Cooling the solution cryetalllEed 0.6 g. of product melting 
354-355°. An additional 0.4 g. wae isolated upon volume 
reduction and cooling of the filtrate. 
(II) With iodine in refluxlng chloroform. Fifty 
mlllilitere of chloroform containing 0.3 g. of 
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trlphenylgermyltriphenylsllane and enough iodine to impart 
a pink color was refluxed 22 hourg with the pink color per­
sisting at the end of thle time. Distillation of the solvent 
left 0,3 g. of starting material melting 353.5-35^-.5°-
(ill) With iodine in refluxing xylene. Fifty 
ffiillllitere of xylene containing 1.0 g. of triphenylgermyl-
trlphenylsllane, 0.5 g. of iodine and 3 drops of quinollne 
was refluxed 24 hotar® then was allowed to cool. There crys­
tallized 0,7 g, of et&rtlng material melting over the range 
fS 
3^5-350 . The remaining brown xylene solution wae decolorized 
by means of aqueous sodltiis sulfite, then the solvent was die-
tilled to leave 0,2 g. of infusible eolid. The 0,7 g, was 
recryetall!zed from benzene to give 0,6 g. of starting 
material melting at 35^-355®» 
(Iv) With eodluBi-potassiuiB alloy. A slurry of 5.6 
g, (0,01 mole) of trlphenylgermyltriphenylsilane, 1,2 ml. 
{0,02^ g. atoli of potassium) of sodluia-potaeelum alloy and 
ether %^as stirred, with a color becoming evident Immediately, 
After 30 mlnutee an additional 30 ml, of solvent was added 
and the mixture stirred a total of 29 hours. The excess 
alloy was amalgamated, then the mixture was carbonated by 
pouring it into a Dry-Ice-ether elurry, '^lorklng-up the 
alkaline layer gave 2,6 g, (7^ per cent) of trlphenylgermane-
©arboxyllc acid melting 178-180°, Recryetalllzatlon from 
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©tiianol gave 2.06 g. (59 per cent) melting at 189-193° with 
the evolution of a gas. The ether layer yielded 2.4 g. (86 
per cent) of triphenyleilanol melting at 15^-156°. 
b. Triphenylgermyltrlphenyltin. 
(I) With oxygen. When 1.0 g, of triphenylgermyl-
triphenyltin was refluxed in 50 rol. of chloroform with dry 
air bubbling through it for 2k hours there was recovered 0,95 
g. of starting aaterial melting at 286-289°. When xylene was 
substituted for chloroform there was recovered only 0.6 g. 
of starting material, ho-wever it is believed that the loss 
in material was due to decomposition by heat because when 
5.0 g. of triphenylgermyltriphenyltin was refluxed 24 hours 
in 25 ffll. of xylene in a nitrogen atmosphere only 4.5 g» of 
impure starting material was recovered. 
(II) With iodine. When a chloroform solution of 
iodine was added to 5.0 S* of triphenylgermyltriphenyltin 
diesolved in $0 ml, of chloroform the color was dispelled 
immediately after each email addition. Addition was contin­
ued as long as the color was dispelled at room temperature 
then the mixture was heated to the boiling point and addition 
continued until & large excess of iodine was present. The 
solvent was removed by distillation to leave a liquid resi­
due whloh was washed with petroleum ether (b.p. 60-70®) to 
give a quantitative yield (1.9 g.) of trlphenyllodogermane 
melting 155-157°. tin compound was isolated. 
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When an equivalent amount of iodine (1.12 g . ,  0.0044 
mole) dissolved in 50 ml. of chloroform was added drop%'ise 
to 2.9 g. (0.0044 mole) of trlphenylgerrayltriphenyltin dis-
Bolved in ?0 ml. of chloroform, the color was dispelled 
immediately during the firat few drops. After about half 
of the iodine had been added the color took longer to dis­
appear, and at thie point the solution was heated to boiling 
and the remainder of the iodine was added dropwise. When 
the addition wae complete the color of the solution was yel­
low. The chloroform wae distilled and the residue was 
washed with petroleum ether (b.p. 60-70°) to give 0.8 g. of 
recovered starting material melting over the range 260-275°* 
Washing this material with ether gave 0.6 g. of pure triphen-
ylgermyltriphenyltin melting at 283-285°• petroleum 
ether filtrate from above wae cooled and there crystallized 
2.05 g. of solid melting over the range 110-116®. Repeated 
crystallization of this material from petroleum ether (b.p. 
60-?0®) gave no pure product. It is believed a mixture of 
triphenyllodogermane and trlphenyltin iodide was present. 
(iii) With sodium-potaBsium alloy. A mixture of 
3,3 g. of trlphenylgermyltrlphenyltin, 0.6 ml, (0.012 g. 
atom of potass i\MB) of sodium-pot as slum alloy and enough 
ether to make a slurry was stirred 72 hours with little or 
no evidence of any color. The mixture was then hydrolyzed 
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by th© addition of ethanol followed by water, then the ether 
layer was separated and filtered to give 2,3 g. (70 per cent) 
of Impure starting material melting over the range 260-295° 
(dec,). ¥orklng-up the ether layer gave a amall amount of 
solid melting 240-295®. A repeat of this reaction gave 
essentially the eame reeulte. 
When the above reaction was repeated with the addition 
of tetrahydrofuran (20 drops), and then propyl bromide was 
added to derlvatlze the producte, there was obtained 0,4 g. 
(26 per cent) of hexaphenyldigermane melting 332-336° and 
1.6 g. (47 per cent) of a mixture melting 77-82°. It is be­
lieved that the mixture contains trlphenylpropylgermane and 
trlphenylpropyltin. Infrared analysis shows the presence of 
phenyl-tin and phenyl-germanium bond®. 
(iv) With •phenyllithlum. When 3.27 g. (0,00 5 
mole) of triphenylgermyltriphenyltin wae added to an ether 
solution of phenylllthluiB prepared from 7.85 g. (0,05 mole) 
of bromobenzene, there wae no evidence of any reaction. After 
stirring overnight the mixture was hydrolyzed and then fil­
tered to give 3.52 g, of solid melting over the range 217-
223°. Working-up th© ether layer gave an additional 0,65 g. 
of solid melting over the range 222-226°, Recrystallization 
of these solids from benzene gave no pure product. It is 
believed a mixture of tetraphenyltln and tetraphenylgermane 
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is present. Infrared analysis shows the presence of both 
phenyl-tin and phenyl-germanlum bonds. 
F. Reactions of friphenylgermylmetallic Corapounde 
1. Triuhenylgermylpotassium 
Reactions involving triphenylgermylpotaBsium were all 
run in & similar manner. After the triphenylgermylpotassium 
was prepared and the excess alloy amalgamated., as previously 
dtBcribed, the suspension wag transferred to another flask 
and the material to be reacted •with it was added while the 
suspension wag stirred. When reaction wae completed, the 
mixture was hyrirolyzed by pouring it into a saturated solu­
tion of amoniuffi chloride. If a solid was ineoluble in 
ether and water it was filtered off at this point, then the 
ether layer w&e serarated and dried over anhydrous sodium 
sulfate, and the solvent was distilled. The residue was then 
recrystallized from an appropriate solvent to give the 
products. If the triphenylgermylpotasslum was made in 
ethylene glycol dimethyl ether, the hydrolyzed reaction mix­
ture was extracted three times with 50 ml. portions of 
diethyl ether and thee© were then combined and worked-up 
as abo,ve. 
1^1 
a. With _g--bromQtoluene. When 8.95 g. (0,0524 mole) of 
£-bi»oinotoluene %ra6 allowed to react with the triphenylgerrayl-
potaesii«n from 5 (0.0131 aiole) of tetraphenylgermane In 
diethyl ether, there was obtained only 1.0 g. (20 per cent) 
of tetraphenylgermane melting 232-23^®* 
b. With benzyl ohlorlde. When 3-3 g* (0.0262 mole) of 
benzylchloride dissolved in 30 ml. of ethylene glycol di­
methyl ether was added to the trlphenylgermylpotaBBlum from 
5.0 g» (0.0131 mole) of tetraphenylgermane in ethylene glycol 
dimethyl ether, there was obtained 0.1 g. (2.5 per cent) of 
insoluble hexaphenyldigermane. Fractional crystallization 
of ether-soluble residue from petroleum ether (b.p. 60-70®) 
geve 0.4 g. (9.8 per cent) of hexaphenyldigermoxane melting 
184-186® and 1.8 g. (3 .^8 per cent) of triphenylbenzylgermane 
melting 85-86°. 
c. With tranB-Btllbene. When the trlphenylgermylpotas-
siuffi from the cleavage of 5.0 g. (0,00823 mole) of hexaphenyl­
digermane wae allo%''ed to react i»rlth 3.0 g. (0.0165 mole) of 
trans-stilbene In diethyl ether, there was no evidence of 
reaction. After hydrolyeie there wae found 9.3 g. (69.5 
cent) of insoluble hexaphenyldigermane melting 340-343®. 
The residue from the distillation of the ether %raB fraction­
ally crystallized from ethanol to give 0.4 g. (7.8 per cent) 
of hexaphenyldlgermoxane melting 186-188°, and 1,8 g. (60.6 
per cent) of recovered trans-stllbene. meltine: 125-127®. 
d. With 1.l-dlphenylethylene. Three grams of 1,1-
dlphenylethylene dlseolved In 3 • ml. of ether tos added 
dropwlse to the triphenjlgermylpotassliffli from the cleavsge 
of 5.0 g. (0,00823 raole) of hexaphenyldlgermane in 50 ml. of 
ether. The color changed from dark brown to blue to green 
over a period of 19 hours. After hydrolysle, filtration gave 
0.7 g. (7 pel* cent) of hexaphenyldlgermane melting 3^3-3^^°. 
The ether-soluble material was washed with petroleum ether 
{b.p. 60-70°) to give 0,8 g. of impure hexaphenyldlgermoxane, 
which was recrystallized from the same solvent to give 0.6 
g, (12 per cent) of pure hexaphenyldlgermoxane melting 183-
185*^. From the petroleum ether there was obtained an Impure 
solid which wae recrystalllzed from methanol to give 0.6 g. 
(15 per cent) of trlphenyl-(2,2-dlphenylethyl)-germane, m.p. 
99-99.5°. A mixed melting point with an authentic sample of 
thle product showed no depres.glon. 
e. With benzophenone. To the trlphenylgermylpotaeslum 
from 5.0 g. (0.00823 mole) of hexaphenyldlgermane In diethyl 
ether, there was added 3,0 g, (0.0165 mole) of benzophenone 
dissolved In 40 ml. of ether. The color changed Immediately 
to blue, then after etirrir^- 2 hours water was added to hydro-
lyze the mixture. Filtration gave 1.5 g. (30 per cent) of 
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hexaphenyldlgeriaane melting 342-344°. From the ether layer 
there wae obtained 2.2 g. {43.5 cent) of hexaphenyldl-
germoxane melting 185-18?°. 
A second reaction gave 9 per cent of hexaphenyldigermane 
and: 50 pei* cent of hexaphenyldlgermoxane. 
2, Tr iphe nylgermy11i thlum 
Reactions Involving triphenylgermyllithiuffi were worked-
up in a manner eiffiilar to that used for reactionB involving 
triphenylgermylpotasBlua. After the triphenyIgermyllithium 
w&e prepared it was pipetted into a dropping funnel or into 
another flask. When the reaction with another reagent was 
complete the mixture wag poured into a saturated ammonium 
chloride solution and extracted vith ether. If there was an 
ineoluble solid, it w&b filtered, then the ether wae dried 
and the solvents distilled off to leave a residue %^hlch was 
crystallized to give the products. 
fhe triphenylgermyllithium has a characteristic dark 
brown-black color which is dispelled when reaction is com­
plete. The reagent gives a positive Color Test I. Ordinar­
ily the material to be reacted with triphenylgermyllithium 
is dieeolved in ethylene glycol dimethyl ether (GDME), how­
ever diethyl ether is frequently used. 
Ikk 
a. With halldee. 
(i) Methyl Iodide. The trlphenylgermylllthlum 
from 11.9 g. (0.031^ mole) of tetraphenylgermane wae added 
to 8.9 g. (0.0628 mole) of methyl Iodide disBolved In 50 ml. 
of GDME. The brown color wae dispelled immediately, then 
after hydrolysis the mixture was filtered to give 1.5 g* (12 
0 per cent) of tetraphenylgermane melting 236-238 . After 
distillation of the solvents the residue was crystallized 
from methanol to give 2,7 g. (27 per cent) of triphenyl-
methylgeriB&ne aelting 69-70°. 
(ll) Sthvl bromide. The reaction of the triphen-
ylgermyllithiuin from 1.82 g. (O.OO3 mole) of hexaphenyldi-
germ&ne, with 0.65 g» (O.OO6 mole) of ethyl bromide was 
complete immediately after addition was finished. The ether-
soluble residue was recrystallized from methanol to give 0,8 
g. (^0 per cent) of trlphenylethylgermane melting 77-78°. 
(ill) Triethylohlorosllane. The reaction of the 
trlphenylgermylllthium from 6,0 g, (0.01 mole) of hexaphenyl-
digermane, with 3.0 g. (0,02 mole) of triethylchlorosllane 
gave an ether-soluble material which was recryetallized from 
ethanol to yield 3,3 g. (39.7 per cent) of trlethylEllyltrl-
Dhenylgermane melting 95-97°. Ueing 5.0 g. (0.013 mole) of 
tetraphenylgermane for the preparation of the triphenyl-
geriBylllthlum, there %ras obtained a ^ 5.5 per cent yield of 
triethylsllyltriphenylgerinane melting 96-97°* 
1^5 
(iv) Pfaen&oyX chloride. To 3.09 g. (0,02 mole) 
of phenacyl chloride diSBOlved In GDME there was added the 
trlphenylgermylllthlum froffi 7.62 g, {0,02 mole) of tetra-
phenylgermane. After 21 hours the mixture was hyarolyzed, 
then working-«p the ether-eoluble portion gave an Impure 
solid which was re crystallized from petroletun ether (b.p. 
60-70®) to give 1,6^ g. (26.2 per cent) of hexaphenyldlgerm-
oxane melting 18^-186®. 
b. With olefins. 
(I) tra^-Stllbene, To 3.60 g. (0,02 mole) of 
trans-etllbene dissolved in SDME there was added the trl-
phenylgermylllthluffi from 7,62 g. (0.02 mole) of tetraphenyl-
germane. There was no evidence of reaction BO after 14 hours 
the mixture ms hydrolyzed. The residue from the ether layer 
was washed with, ethanol to give 2.9 g. of Impure material 
melting 120.5-125.5®* ^hls was recryetallized from ethanol 
to give 2,65 g. (7^ per cent) of trsjis-s til bene melting 124-
o 125 (mixed melting point). The ethanol-soluble material 
was recrystallized from petroleum ether (b.p. 60-70°) to give 
1,85 g. (30 per cent) of hexaphenyldigermoxane melting 183-
184°, Two other runs gave essentially the same results. 
(II) 1.l->Dlphenylethylene. Five and eight-tenths 
grams (0,032 mole) of 1,1-dlphenylethylene diseolved in GDME 
was added dropwiee to the trlphenylgermylllthlum from 9.6 g. 
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(0.016 mole) of hexaphenyldlgermane. Heat vas evolved and 
the color changed to brick red. After Rtlrring 24 hours the 
color was deep purple. Hydrolysis and filtration gave 1.1 g. 
(11.5 per cent) of hexaphenyldigermane melting 341-343°. 
fhe residue from the ether layer was distilled at 0.05 mm. and 
2?0° to give a liquid digtillate and an oily residue. This 
material w&e recryetalllEed from petroleum ether ("b.p, SO­
TO®) to give 0.8 g. (8 per cent) of impure hexaphenyldigerm-
oxane melting over the rang© 170-185°. 1'he petroleum ether 
was distilled and the residue recryetallized from methanol 
to give g' (19.9 per cent) of trlphenyl-(2,2-diphenyl-
ethy1)-germane melting 99-100°. 
(ill) Octadecene-l. To 5»04 g. (0,02 mole) of 
octadecene dleeolved in 25 ml, of GDME there was added the 
triphenylgermyllithium from 7.62 g. (0.02 mole) of tetra-
phenylgerman©. After etirring 17 houre the mixture wae 
hydrolyzed. The resid^ie from the ether layer was washed with 
petroleum ether (b,p, 60-70°) to give 0.35 g. (5.5 Tier cent) 
of triphenylgermanol (mixed melting point) melting 130-132°, 
Volume reduction and cooling the petroleum ether gave 0.7 g. 
(6 per cent) of triphenyl-n-octadecylgermane melting 74-77°-
Becrygtalllzatlon from petroleum ether gave 0.4 g. (3.6 per 
cent) of pure product melting 75-77°. A mixed melting point 
of this compound with en authentic sample of triphenyl-n-
14? 
octadeeylgerHiivUe showed no depression and their infrared 
spectra were identical except for an absorption peak at 750 
in the spectrum of the product from octadecene which 
was not present in the spectrum of the authentic sample. 
A second run using the same amounts of materials gave 
15*6 per cent of triphenylgermanol and 27.3 P©r cent of 
product melting 76-77°. 
Anal. Calcd. for C3gH^2^1e: C, 77.57; H, 9.^0; Ge, 
13.03. Found: C, 76.65, 76.72; H, 9.52, 9.^2; Ge, I3.90, 
13.87. 
Qctene~l. The triphenylgermyllithium from 
7.62 g. (0,02 mole) of tetraphenylgerraane was added to 2.24 
g. (0.02 mole) of octene-1 dissolved in GDME. After stirring 
16 hours the mixture was hydrolyzed. The residue from the 
ether layer was dissolved in petroleum ether and cooled to 
crystallize 0.7 g. (11 per cent) of triphenylgermanol melting 
132-134'^. The petroleuffl ether "was distilled off and the 
residue distilled at 0,03 mm. from 125-130^. The distillate 
was seeded with triphenylgermane and there crystallized 0.7 
g. (11 per cent) of triphenylgermane melting 42.5-^5°. The 
distillation residue was dlsBOlved in petroleum ether and 
cooled to give 0.35 g. of Impure hexaphenyldigermoxane 
melting over the range 150-175®. 
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(v) Cyolohexene. The triphenylgermylllthium from 
7.62 g. (0,02 mole) of tetraphenylgermane was added to 1.64 
g. (0.02 raole) of cyolohexene dlesolveO In G-DME. After 
stirring 13 hour® the mixtiare was hydrolyzed. From the 
ether layer there was isolated 0,4 g. (6 per cent) of trl-
phenylgermanol melting 132-134® and 1.55 g. (26 per cent) of 
trlphenylgermane ©eltlng 42-45°. No addition product was 
ieolated. 
(vi) Benzalaoetophenone. The triphenylgermylllthium 
from 7,62 g, of tetraphenylgerroane was added dropwlse to 4.2 
g, (0.02 mole) of benzalacetophenone dissolved in 25 ml. of 
GDME. Heat was evolved and the mixture became yellow-green 
in color. After etirring 12 hours the now yellow solution 
w&i poured Into a saturated amaonium chloride solution. From 
the ether layer there was obtained an oil which would not 
crystallize from petroleum ether (b.p. 60-70*^), benzene or 
ethanol so it was diseolved in ether and set eside. There 
crystallized 3«4 g. (33 pei^ cent) of addition product melting 
114,5-116.5^. The ether was removed and the remaining oil 
diseolved in ethanol and cooled to give 0.8 g. (8 per cent) 
of product melting 116-118°. The two fractions were combined 
and recrystallized from ether to yield 2,7 g. (26.4 per cent) 
of addition product melting 119-120°. Thle product is be­
lieved to be 2-Dhenyl-2-triphenylgermylethylphenyl ketone. 
1U9 
Infrared analysi® indicates the presence of the carbonyl 
group. 
An&l« Calcd. for C33H23GeO: C, 77.23; H, 5.50; Ge, 
14.15. Found: C, 77.64, 77.49; H, 5.76. 5.54; Ge, 14.15, 
14.17. 
c. Vith other ooaipounds oontaining unsaturated linkages, 
(i) Benzophenone anil. The triphenyllithium from 
12.14 g. (0.02 mole) of hexaphenyldigermane was added rapidly 
to 10,24 g. (0.04 mole) of benzophenone anil dieeolved in 
50 ml. of GDME. Little heat was evolved and the color became 
deep red-brown. After stirring 21 hours the mixture was 
hydrolyzed. Extraction with ether and filtration gave 17 g. 
of material melting over the range 188-220°. The residue 
from the ether layer was dissolved in hot petroleum ether 
Cb.p. 60-70°) and cooled to give 2.4 g. (20 per cent) of 
recovered Impure benzophenone anil melting over the range 
95-112®. Recryet&llization from petroleum ether gave 0.6 g. 
of pure benzophenone anil melting 113.5-115°. Fractional 
crystalliEation of the 17 g. obtained above from chloroform 
gave 0.4 g. of Impure hexaphenyldigermane melting 324-332°, 
1.6 g. of addition product melting 211-213° and 1.2 g. of 
impure addition product melting over the range 205-210°. An 
analytical sample of the addition product melted at 214-
215°. 
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fhree other runs gave ©ssentlally the same reeulte. 
The product is apparently deconiposed. by ethanol, for when 
crystallization wae attempted from this solvent the melting 
point decreased considerably. 
Mai. Calcd. for C37H3iaeN: C, 79.04; H, 5.56; Ge, 
12.91; N, 2.^9. Pound; C, 78 .83, 78.87; H, 5.68, 5.50 J 
13.05, 13.22; N, 2.42, 2.52. 
(ii) Benzalanillne. The triphenylgermyllithium 
fro® 7.12 g. (0.0187 fflOle) of tetraphenylgermane wae added 
portionwise to 3.62 g. (0.02 mole) of benzalaniline dissolved 
in 50 ®1. of GDME. After stirring 15 houre the mixture was 
hydrolyzed. Addition of ether and filtration gave 1.25 g. 
{22 per cent) of hexaphenyldigermane melting 340-3^2°. The 
residue from the ether layer was recrystallized from ethanol 
to give 3.4 g. of addition product melting 123-124°. 
Anal. Calcd. for C^^^Hg^GeM: C, 76.59; H, 5.60; Oe, 
14.93; H, 2.88. Found: C, 76.68, 76.51; H, 5.83, 5.70; Ge, 
14.88; N, 3.02, 2.96. 
(iii) Benzonitrile. The reaction of the triphenyl-
geriiyllithium from 7.62 g. (0.02 mole) of te trap he nylgermane 
with 4.12 g. (o.o4 ffiole) of benzonitrile gave only an oil 
which could not be separated into its component®. 
( P y r i d i n e .  T h e  r e a c t i o n  o f  t h e  t r i p h e n y l ­
germyllithium from 7.62 g. (0.02 mole) of tetraphenylgermane 
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with 1.58 g. (0.02 mole) of pyridine showed no evidence of 
reaction after 1? hours. Hydrolysis and working-up the 
ether layer gave only an oil •which could not be purified. 
Q.ulnolitte. From the reaction of the triphenyl 
germylllthlum from 7.62 g. of tetraphenylgermane with 5«17 
(0,04 mole) of qulnoHne there wag only isolated 2.1 g. (33 
per cent) of hexaphenyldigerrooxane melting 183.5-185°. 
(vi) Azobenzene. The triphenylgermyllithium from 
7.62 g» (0,02 laole) of tetraphenylgermane was added rapidly 
to 3.64 g, (0.02 mole) of azobenzene dissolved in 50 ml, of 
GDME. Little heat was evolved and the color remained deep 
brown. After stirring 20 hours the mixture was hydrolyzed. 
The residue from the ether layer was washed with petroleum 
ether (b,p. 60-70°) to give 7.5 g. (77 pei* cent) of addition 
o product melting 139-141.5 . Recryetallizatlon from benzene-
petroleum ether (b,p, 60-70®) yielded 5.6 g. (58 per cent) 
of pure addition product melting 143-144°. An analytical 
sample melted at 143-143.5°. A second run gave exactly the 
same results. 
Anal. Calcd. for G3oH26C-€N: C. 73.96; H, 5.38; Ge, 
14.90; M, 5.75. Found: C, 73.39, 73-54; H, 5.44, 5.54; 
Ge, 15.18, 15.04; N, 5,80, 5.78. 
(vil) Azoxybenzene. The triphenylgermyllithium 
from 6.07 g. (0.01 mole) of hexaphenyldigermane wae added 
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dropwlse to 3»96 g. (0.02 mole) of azoxybenzene dissolved in 
GDME. Heat evolved and the color became dark brown. 
When the addition was complete Color Test I was negative. 
After stirring overnight the mixture was hydrolyzed. The 
residue from the ether layer was washed with petroleum ether 
o (b.p. 60-70 } to give an insoluble solid melting over the 
range llO-iaS*^* Cooling the petroleum ether gave 2.4 g. of 
eolid melting over the range 115-122°. Fractional crystal­
lization of these materials from benzene-petroleum ether 
(b.p. 60-70°) gave 1.0 g. of unknown material melting 135»5-
n O 
136.5 1.95 g« of unknown material melting 112-113 . 
(viii) Acetaldehyde. The triphenylgermyllithium 
from 6.07 g. (0.01 mole) of hexaphenyldigermane was added 
drop%dse to 4.4 g, (O.l mole) of acetsldehyde dieeolved in 
30 ml. of &DME. During the addition the acetaldehyde was 
cooled in an ice bath to prevent its loss by volatilizction. 
The color of the triphenylgermyllithium was dispelled im­
mediately, and after stirring 45 hours the mixture was 
hydrolyzed. The residue from the ether layer was washed 
with petroleum ether (b.p. 60-70°) to give 0.7 g. of in­
soluble solid melting over the range 90-103°. Volume re­
duction and cooling of the petroleum ether gave 2.2 g. of 
solid melting over the range 86-9^®. These solide were 
combined and recrystallized from both ethanol and petroleum 
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ether (b.o. 60-70*^) to give 1.45 g. {20 per cent) of tri-
phenyl-l-hydroxyethylgermane melting 105-106.5°* 
Anal. Calcd. for 020^20^®* 20,80. Found: (re, 
20.64, 20.72. 
( ix) Benzaldehyde. When the trlphenylprermyllithium 
from 6.07 g. (0.01 mole) of hexaphenyldlgermane was allowed 
to react ^J^ith 3.18 g. (0,03 mole) of benzaldehyde eome heat 
wae evolTed. After 4,75 hours the mixture v&b hydrolyzed. 
¥ork-up of the reaction mixture gave only hexaphenyldigerm-
oxane (1.45 g,, 46 per cent) melting 183-186°. Mo addition 
product coijld be found. A gecond run gave eeeentially the 
same results. 
(x) p-Benzoouinone. The reaction of the triphenyl-
germyllithium form 7#62 g. (0,02 mole) of tetraphenylgermane 
with 1.08 g. {0.01 mole) of ^ -benzoquinone generated enough 
heat to cause reflux of the GrDME. The color changed to 
yellow to deep blue-green with a dark-colored precipitate 
forming. After etirrina overnight Color Teet I was still 
Blightly positive, however the aixture wae hydrolyzed. Addi­
tion of ether and filtration gave 3,0 g. of impure hexaphenyl-
digersiane melting over the range 325-335°* Recryetallizatlon 
of thie material from benzene gave 2.3 g* (38 per cent) of 
hexaphenyldigerfflane melting 339-3^1^* ^he residue from the 
ether layer was brown in color and melted over the range 
15^ 
160-170® witii decomposition. It ie believed this matei-'ial 
is hydroqulnone, RecrystalliEetlon from benzene raleed the 
melting range to 170-17^"^. fhis did not depress the melting 
point of authentic hydroquinon©. 
d. With ffiiecellaneous compounds. 
(1) With fluorene. To the trlphenylgermyllithlum 
from 6.0 g. (O.Ol fflole) of hexaphenyldigermane there wae added 
3»3 g. (0,02 mole) of fluorene diegolved in 30 ml. of 6-DME. 
No heat was evolved, however the color changed to the dis­
tinctive orange color of 9-fluorenyllithium. After stirring 
19.5 hours the mixture was carbonated by pouring it into a 
slurry of Dry-Ice and ether. Then to the warm mixture there 
was added I30 ml. of 3 K hydrochloric acid. The ether layer 
wae separated and extracted with three 50 ml. portions of 5 
per cent godium hydroxide solution. The alkaline layers were 
combined and made acid by the addition of concentrated hydro­
chloric acid. There precipitated 2.9 g. (69 per cent) of 
fluorene-9-carboxylic acid melting at 22^°. A mixed melting 
point with authentic fluorene-9-carboxylic acid showed no 
depression. Filtration of the ether layer obtained above 
gave O.ii' g. of hexaphenyldlgermane melting 345-3^1-7°, The 
ether w&s then dried and the solvent distilled to leave a 
residue from which separated an additional 0.1 g. of hexa­
phenyldlgermane melting over the range 338-3^2°. The total 
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yield of hexapfoenyldlgermane was 0,5 g. or 8.3 per cent. The 
mother liquor was dlisolvefl in petroleum ether (b.p. 60-70°) 
then the solution was oooled to cryetalllze 2,1 g. of solid 
melting orer the range 90-180°. This was recrystalllzed from 
the eaine solvent to give 1,3 g. (21 per cent) of hexaphenyl-
dlgermoxane melting 185-186 and 0.2 g, (6 per cent) of 
fluorene melting over the range 115-119*^. A second run gave 
almost exactly the sam© reeulte. 
(ii) With dl"benzofuran. Using the same procedure 
ae above, the trlphenylgermylllthlum from 6,0 g. (O.Ol mole) 
of hexaphenyldigermane vaa allowed to react with 3A g. (0.02 
mole) of dlbenzofuran, Worklng-up the reaction mixture in 
the same manner ae above yielded 1.6 g. (25 per cent) of trl-
phenylgermanecarboxylic acid melting 18^-186°, OA g. (6,7 
per cent) of hexaphenyldigermane melting 3^^-3^5®i 0.9 g. (1^ 
per cent) of triphenylgermyl triphenylgermanecarboxylate 
melting 165-166° and 0.7 g. (20.6 per cent) of recovered 
dlbenzofuran melting 86-87°. No dlbenzofuran-4-carboxylic 
acid was Isolated, 
(ill) With bromine. A eolution of trlphenylgermyl­
llthlum from 6.0 g, (0,01 mole) of hexaphenyldigermane wae 
cooled to -25° then 2A g. (0,015 mole) of bromine diseolved 
in CJDME was added dropwlse while the temperature was maintained 
between -20® and -25°. '^^hen the addition was complete the 
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mixture was stirred and allowed to warm to room temperature 
overnight, fhis mixture was filtered and the precipitate 
washed with etheri 10 per cent hydrochloric acid and hot 
petroleum ether to give 4,6 g. (78 per cent) of hexaphenyl-
digeriBane melting over the range 339-3^3*^. ^he ether layer 
was dried and the solvent© distilled to leave a residue which 
was recrystallized froia ethanol to give 0,2 g. (2.6 per cent) 
of triphenylbromogeriiane melting 138-1^0°, 
A second run using exactly the same conditions and 
amounts of starting materials yielded 4,7 g. (78 per cent) 
of hex&phenyldigermane and 0,9 g. (11.8 per cent) of tri-
phenylbromogermane. 
e, lith epoxides. 
(i) Ethylene oxide. While a solution of 3,5 g. 
(0,08 ffiole) of ethylene oxide dissolved in 25 ml. of G-DME 
was cooled in an ic© bath, the triphenylgermyllithiuEi from 
7.62 g, (0.02 mole) of tetraphenylgermane was added dropwise 
over a period of 5 minutes. The dark color of the triphenyl-
germyllithium was dissipated immediately, and Color Test I 
was negative when the addition was complete. After stirring 
2.5 hours the mixture was hydrolyzed. The residue from the 
ether layer wae crystallized from benzene-petroleiom ether 
(b,p. 60-70®) to give 5.15 of material melting over the 
o 
range 90-95 . Another crystallization from the same solvent 
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pair yielded 4.95 C?! per cent) of triphenyl-2-hydroxy-
ethylgerin&ne melting 93.5-95^« 
Anal. Calcd. for CgQHgQQ-eO: Ge, 20.80. Found: 0«, 
20.60, 20.62. 
(11) Propylene oxide, fhe trlphenylgermylllthlum 
from 6.0? g. (0.01 mole) of hexaphenyldlgermane >ras allowed 
to react %rltli 3.0 g. (0.05 mole) of propylene oxide in the 
game manner ae described above. From the ether layer there 
was obtained an oil which was crystallized twice from petro-
leun ether (b.p. 60-70°) to give 4.05 g. (55.5 per cent) of 
triphenyl-2-hydroxypropylgermane melting 93.5-95°« A second 
run gave eesentially the same results. 
Anal. Calcd. for C2]_H220&e: G, 69.48: H, 6.11; Ge, 
20.00. Found; C, 70.33, 70.36; H, 6.16, 6.06; Ge, 20.10, 
20.10. 
(ill) Styrene oxide. The reaction of the tri-
phenylgermylllthluffi from 6.07 g. (0.01 mole) of hexaphenyl-
digeriaane with 2.4 g. (0.02 mole) of styrene oxide was 
carried out in the same manner ae above with the product 
being recryetallized from benzene-petroleum ether (b.p. 60-
70°) to yield 3.7 g. (45.2 per cent) of trlphenyl-2-hydroxy-
2-phenylethylgermane melting 139-140°. 
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Anal. Calcd. for CggHgi^OGe: C, 73.46; H, 3.69; &e, 
17.08. Found: C, 72.59, 72.80; H, 5.94, 5.82; Ge, 17.33, 
17.33. 
Or, Reactions of Triphenylgermane 
1. With olefins 
&. Octa.4@cene--l. A solution of 27.5 g. (0.09 mole) of 
triphenylgermane, 2.52 g. (O.Ol mole) of octadecene-1 and 
0.32 g. (0.0013 aole) of benzoyl peroxide in 40 ml. of n-
heptane was maintained at 85® for 17.5 hours. Cooling to 
room temperature separated 4.9 g, of impure hexaphenyldigerm-
oxane melting over the range 138-170®; further cooling to 
10° separated 3.35 g» of material melting over the range 58-
62°. The solvent was removed and the residue combined with 
the 3.35 g. obtained above and this material was vacuum dis­
tilled at 0.1 mm. and 13-138'^. distillate was seeded 
"With a few crystal® of triphenylgermane to crystallize 14.2 
g. (51 per cent) of ellghtly impure triphenylgermane melting 
over the range 43.5-46°. The dletlllatlon residue solidified 
to give 7.55 g. of material melting over the range 65-135*^. 
Fractional cryBtalllEation from petroleum ether (b.p. 60-70°) 
gave 1,45 g. of impure hexaphenyldlgermoxane and 4.7 g. of 
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impure addition product» The two impure fractions of hexa-
phenyldigermoxane were reerystallized from benzene-petroleum 
ether to yield 5.15 f. (18 per cent based on triphenylgermane) 
of hexaphenyldigeraoxane melting 182-183.5°• ^he impure ad­
dition product was crystallized twice from petroleum ether 
to yield 3.75 g. (6? per cent) of triphenyl-n.-octadecylgerBiane 
o 
melting 75.5-76.5 . A mixed melting point with authentic 
trlphenyl-n-octadecylgerman© showed no depression and their 
infrared spectra were Identical. 
h. Triphenylallylgermane. Using the same procedure as 
above 27.5 g. io »09 iBole) of triphenylgeriHane was allowed to 
react with 5.53 g. (0.016 mole) of triphenylallylgermane in 
the presence of 0,32 g. (0.0013 mole) of benzoyl peroxide 
using 30 ffil. of n-hexane as the eolTent. After refluxing 
18.5 hours the solvent was distilled and the triphenylgerman© 
wai vacuum distilled to leave a residue which was reerystal­
lized from benzene-ethanol to give 9.0 g. (86,5 per cent) of 
1,3-ble-( triphenylgermyl)-propane melting 13^-136*'. An 
analytical sample melted at 135-135.5^. 
2. lith. organolithlua reagents 
a, Methyllithium, 
(i) At room temperature. To 1.6 g. (0.00525 mole) 
of triphenylgermane dissolved in 50 ml. of ether was added 
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dropwlee 0.00525 mole of metiiyllitliliiai. After stirring 1 
hour the solid which had formed was filtered off and the 
solvent wae removed from the filtrate to leave a residue 
which wae dissolved in methanol and cooled to give 1.1 g. 
of impure trlphenylgermane melting over the range 37-40°, 
No other products were isolated. 
Another run using 7.9 g. (0.258 mole) of triphenyl-
germane and 0.27 aole of methyllithium gave 3»9 per cent of 
hexaphenyldigermane melting 339-3^^'^ 2 per cent of 
hexaphenyldigermoxane melting 184-185°. 
A third run using 6.4 g. (0.02 mole) of triphenylgermane 
and an equivalent amotant of methyllithium was stirred three 
days to give 10.3 p@r cent of hexaphenyldigermane end 12 per 
cent of hexaphenyldigerraoxane. 
(ii) In refluxing ether. The methyllithium from 
6.4 g. (0,045 mole) of methyl Iodide in JO ml. of ether was 
added rapidly to 6,4 g, (0.02 mole) of triphenylgermane dis­
solved in 20 ml. of ether. There was no evidence of reaction 
60 the solution was refluxed 24 hours and then carbonated by 
means of Dry-Ice, From the alkaline layer there wae obtained 
5.1 g. (77 per cent) of triphenylgermanecarboxyllc acid (mixed 
melting point and infrared analyiis) melting at 186® x^ith the 
evolution of a gas. The residue from the ether layer was 
recrystallized from methanol to give 1,05 g. (16.5 per cent) 
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of trlphenylmethylgermane (mixed melting point) melting 
68.5-69.5°. 
A second run using an equivalent amount of methylllthlum 
gave ^.6 g. (70 P®r cent) of triphenylgermanecarboxylic acid 
and 0,55 g. (8 per cent) of triphenylmethylgermane. 
b. Butyllithium, To a stirred solution of 6.1 g. (0.02 
mole) of triptenylgermane in 25 ffll. of ether there wae added 
dropwise O.O3 mole of n-butyllithium in 22 ml. of ether. 
During the addition enough heat was generated to reflux the 
solution; after the addition of 1 equivalent of butyllithium 
refluxlng ceased and no heat was evolved during the addition 
of the remainder. When addition was complete the mixture was 
carbonated by pouring It into a slurry of Dry-Ice and ether. 
After warming to room temperature water was added and the 
alkaline layer was separated. Washing the ether with two 
50 ml. portions of 5 P®i* csiit sodium hydroxide solution, 
combination of the alkaline layers and acidification with 
concentrated hydrochloric acid precipitated 6.4 g. (97 per 
cent) of triphenylgermanecarboxylic acid melting at 184° 
with the evolution of a gas. Removal of the ether from the 
ether layer left a very small amount of residue which was 
discarded. 
c. Triphenylgermyllithium. The triphenylgerraylllthium 
from 6.0 g. (0.01 mole) of hexaphenyldigermane was added 
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dropwlse to 6.1 g. (.02 mole) of triphenylgermane disBolved 
in 30 ®1. of &DME. Heat wae evolved at first and the color 
of the trlphenylgermylHthlum was dispelled, however as addi­
tion proceeded the dark color persisted and no more heat was 
evolved. When the addition was complete the mixture was 
etirred overnight, then was hydrolyzed by the addition of 
water. Filtration gave 0.I5 g. (1.2 per cent) of hexaphenyl-
dlgermane melting 340-3^2°. The residue from the ether layer 
wae recryetalllzed from petroleum ether (b.p. 60-?0®) to give 
1.6 g. (12 per cent) of triphenylgermanol (mixed melting 
point) melting 132-'135®« The remaining mother liquor wae 
recrystallized from methanol to give g. (28 per cent) of 
o 
triphenylgermane melting 45-^6.5 • Volume reduction and 
cooling of the methanol gave an addition 2.0 g. of impure 
triphenylgermane melting over the range 38-^3°• 
Repetition of the above experiment ueing a mixture of 
diethyl ether and ethylene glycol dimethyl ether and refluxlng 
for Zk hours followed by gtlrrlng at room temperature for 72 
hours gave l.^f g. (12 per cent) of hexaphenyldigermane 
melting 340-3^2°, 5.6 g. (^6 per cent) of impure triphenyl­
germane melting over the range 40-^3°, and 0.4 g. (6 per cent) 
of triphenylgermanol melting 129-132°. 
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H. Therfflal Stabilities of Organogermanium Compounds 
fhermal stabilities were determined by placing the com­
pound to be studied in a melting point tube and heating it 
in a copper block by means of a bunsen burner. The tempera­
ture %rae taken by means of a 500° thermometer placed in a 
hole in the copper bloclc. The temperature at which liquid 
formed at the top of the melting point tube was recorded ae 
the volatilization point or range. 
Table 19 contains the information obtained concerning 
the thermal stabilities of various organogermanium compounds. 
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Table 19. Thermal stabllltleB of organogerffianium compounds and 
Booe of their silioon analogs 
Compound 'riaerjaal stability Thermal stability 
Ge compound (®C.) Si analog (°C.) 
fetrasubstituted 
benzyl-
2-cyclohexylethyl-' 
n-dtcyl-
n-dodecyl-
2-ethylhexyl-
m-fluorophenyl-
n-hexyl-' 
n-octyl-
phenyl-
n-tetradecyl-
yellow, vol. 410 dk,, vol. 446 
dec, 405 
dfc. 400, vol. 430-440 
It. dk. 403, vol. 415 vol. 435-440 
dk. 338, vol. 370 
vol. 396-402 
dk., vol. 364 
dk. 390, vol. 395 
vol. 433-435 
dk. 411, vol. 415 
vol. 394 
vol. 420-425 
vol. 435-440 
Tetrasubetituted 
(R^GeR' and R2Q«R'2^ 
1,3-biB-.triph®nyl-
germylpropane 
dlphenyldl-( 2^ 
phenyletl^l)-
geraane 
triphenylallyl-
gerisane 
triphenylbenzyl-
gerinane 
yellow 380, 
vol. 396 (dec.) 
yellow 3^01 
vol. 380 (dec.) 
vol. 366-370 
{yellow) 
vol. 430 
vol. 420 
vol. 432 
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Tal)le 19. (Continued) 
Compound Thermal stability Thermal etablllty 
O-e eompotind C°C,) Si analog (^G, ) 
trlphenyl-( 2,2-
dIpheny1ethy1)-
geraian© 
tripheny1ethyl-
german© 
triphe nylgermyldi-
phenyl carMnol 
trlt)henyl-'&lph&-hy-
drazlHobenzylgermane 
t r Iphe ny 1 hy droxy me t h-
ylgerroane 
t p iphe nyIme thyl-
germane 
trlphenyl-ri-oota-
decylgermane 
trlphenyl-( 2-phenyl-
ethyll-germane 
triphenyl- (3-piienyl-
propyl)-geriaane 
vol. 370 (yellow) 
vol. 369-370 
dk. 295 (gee), vol, 
346-350 (yellow) 
yellow 180, vol. 
330-350 
vol. 360 
vol, 360-362 
dk. 431, vol. 451 
vol. 390-400 
yellow 330, vol. 380 
vol, 420-435 
vol. 300 
ye 110%'' 400, 
vol. 442 
vol, 428 
Mlscellaneoug; 
h@x&phenyld.lgerraane vol. 476-479 
trlphenylgermanol vol. 200 (gas) 
hexaphenyldlgermoxane vol. 450-460 
triphenylgermane vol. 350-354 
trl-jL-hexylgermane vol, 310-3I8 
vol, 503-5O6 
vol. 345 (gas) 
vol. 480-490 
vol. 350 
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11. DISCUS SlOfi 
A, Trlphenylgermylmetalllo Compounds 
Trlphenylgermylsodiuffi had been prepared bj? Kraue and 
Foster (80) by the cleavage of hexaphenyldlgermane or tetra-
phenylgermane with eodluia in liquid ammonia, and trlphenyl-
geriByllitMuii had been prepared by Iraus and Neleon (81) by 
the cleavage of trlphenylgermyltrlethylgermane in liquid 
ethylamlne, however prior to studies in this Laboratory no 
trlphenylgeriaylmetallic compound had ever been prepared in 
any other solvent. An attempt was made therefore to find a 
more convenient solvent for the preparation of trlphenyl-
germylBietallic GompouMs. 
Hexaphenyldlgermane is the ideal starting material for 
the preparation of triphenylgermylmetalllc compounds due to 
the fact that two moles of the trlphenylgerffiylmetalllc com­
pound are formed and the reagent 1B free from eide products 
and thus from side reactions. Unlike hexaphenyldieilane 
(203), hexaphenyldlgermane is not cleaved by eodium-potasslum 
alloy in diethyl ether unlees an initiator Ib added (50). 
By adding 20 drops of either bromobenzene or tetrahydrofuran 
to the reaction mixture of hexaphenyldlgermane and eodium-
potaselum alloy in a small amount of diethyl ether the 
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reaction proceede smoothly to give complete cleavag'e of the 
hexaphenyldlgei'mane, Tstraphenylgermane 1B cleaved readily 
by sodium-potassium alloy In diethyl ether without the uee 
of an Initiator and thus Is a good starting material for the 
preparation of trlphenylgermylpotaesluiB. Although no product 
has ever been isolated from reactions Involving the phenyl-
potaeeiuBi which should be present from the cleavage of tetra-
phenylgerrnane, the possibility etill exists that there is 
eome of this material in the reaction mixture and allowance 
must b© made for it. This is a disadvantage in the uee of 
tetraphenylgermane. G-eneral disadvantages in the uee of 
sodlum-potagslum alloy are its inherent tendency to epark 
in the presence of air and moisture, the inconvenience and 
danger in making and storing large quantltiee of alloy for 
long periods of time, and the necessity of emslgamating the 
excess alloy after a reaction ie complete. A disadvantage 
In the use of diethyl ether is the Inaolublllty of the tri-
phenylgerraylpotaselum in this solvent and the concomitant 
difficulty of transferring a euBpeneion of the reagent from 
one container to another in an inert atmoephere. 
The uee of ethylene glycol dimethyl ether ae the solvent 
for the preparation of triphenylgermylpotasBlum resolves some 
of the above difficulties, however it introduces some disad­
vantages of its own. The advantage of ethylene glycol dimethyl 
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ether Is that trlphenylgermylpotaeslum 1B soluble in this 
solTent, however the added disadvantage is that triphenyl-
germylpotassiuffi apparently cleaves the solvent and thus the 
reagent must be used Immediately after its preparation, and 
heating the solution is prohibited because of the increase 
in the cleavage of the solvent. Another disadvantage is that 
hexaphenyldigermane is incompletely cleaved in this solvent 
by sodium-potassiua alloy or potassium metal with as much as 
64 per cent of hexaphenyldigerraane being recovered. Tetra-
phenylgermane is completely cleaved, however, and can be used 
as a starting material. The poeeible presence of phenyl-
potassium and its possible reactions still must be taken into 
account, ho'i'i'ever. 
Lithium in etli^lene glycol dimethyl ether has been found 
to be useful for the preparation of triphenylgermyllithium by 
the cleavage of hexaphenyldigermane, tetraphenylgermane or 
triphenylohlorogermane. The triphenylgermyllithium thus pre­
pared is soluble in the solvent and yields of the reagent 
are in the neighborhood of 70 per cent. The reagent is 
easily separated from the excesf lithium by filtering the 
mixture through a glass wool plug or by pipetting the solu­
tion away from the lithium %'hich floats on top. The triphen­
ylgermyllithium also has the disadvantage of reacting with 
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the solvent eo It too must be ueed lainiedlately after Its 
preparation. 
?ery recently a new method of preparing trlphenylgerinyl-
lithlum in diethyl ether has been found. It le by the reac­
tion of n-butyllithiuffi with triphenylgermane. 
(CgH^)3!leH + Ci^H^Li (CgH^)3(}eLi C^H^o 
The advantages of thie method are many. First, the reaction 
proceeds quantitatively; second, there are no bothersome side 
reactions or side products; third, the triphenylgermyllithium 
reagent is soluble in the ether; fourth, the reagent appar­
ently does not react ^'ith the solvent in appreciable time; 
fifth, there ie no aetal excess to separate and reactions may 
be carried out in the flaek in which the reagent is prepared. 
Several different types of reactions of triphenylgermyl-
metallic coiapounds have been investigated in an effort to 
determine the relative reactivity of these reagents and to 
prepare organogermanium compounds containing functional 
groups. It WB.B found that triphenylgermylpotaBBium couples 
with benzyl chloride and aliphatic halidee to give the 
unsyniffletrlcal tetraeubstituted germane. 
The reaction of triphenylgermylmetallic compounds -with 
olefins gives an indication of the high degree of reactivity 
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of these reagents. Both trlphenylgeriiiyllLthlum and trl-
phenylgermylpotaeelum adxi to the olefinic linkage of 1,1-
dlphenylethylene to give l-trlphenylgermyl~2,2-dlphenylethane. 
H 0 
(CgH5)3SeM + CH2«0(0515)2 ^ (C6H5)3&eCH2CH(C6H5)2 
M = Li or K 
Infrered analyses and nixed melting point determinatione shov 
that these products are identical with an authentic sample 
prepared "by the coupling of "benzhydryleodium with triphenyl-
chlorofflethylgermane. In ©.ddition, triphenylgermyllithium 
adds across the double bond in octadecene-1 to give triphenyl-
n-octadecylgermane. fhe reactions of both triphenylgermyl­
lithium and triphenylgermylpotaseiuffi with trans-etilbene gave 
no addition product and triphenylgermyllithium aleo did not 
react with octene-1 or cyclohexene. fhe ability of triphenyl­
germyllithium to react with octadecene-1 and not with octene-1 
is not understood at the present time. Only one reaction wae 
attempted with octene-1 and the failure to Isolate a product 
may not have been due to the inability of the triphenylgermyl­
lithium to react with this compound. Certainly there is no 
inherent difference between octene-1 and octadecene-1 which 
would, enable triphenylgermyllithium to react with one and 
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not the other. The failure of theee reagente to react vith 
trane-Btllbene may be due to the large size of the germanium 
atom because It has been found that both triphenyleilylpotae-
sium (20^) and trlphenylBilylllthlum (168) add to trans-
stilbene, and it is not believed that triphenylsilylpotaesium 
or triphenylBllylllthium is more reactive than either tri-
phenylgermylpotaesium or triphenylgermyllithiuffi. With 
benzalacetophenone, triphenylgerniyllithluin reacts to form 
what is believed to be 2-phenyl-2-triphenylgermylethylphenyl 
ketone. 
Elemental analysis supports this conclueion and infrared 
analyBie indioatee the presence of a carbonyl group and the 
absence of an hydroxyl group. It is not known whether the 
product is obtained by means of a l,k- or a 3.^-addition 
(180), but it eeeme altogether probable that 1,^-addition 
takes place. If such is the oaee then it is possible to 
determine to eorae degree the relative reactivity of triphen-
ylgerajyllithium as compared to other organometallic reagents. 
Oilman and Kir by (191) have found that the extent of 1,^-
addition to benzalacetophenone could be used as a measure of 
HpO 
(CgH^)2&eLi + CgH^CHrCHCOCgH^ ^ 
0 
II 
^ CgH^-CH-CHg-C-CgH^ 
Ge(Cg )^ 
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the relative reactivities of varloue organometallic reagents. 
They found that the more reactive phenylmetallic reagents 
euch as phenylcalclum Iodide and phenylpotassium underwent 
exclusively 1,2-addition to benzalacetophenone. Phenyleodium 
gave raostly the 1,2-addition product with a small amount of 
the 1,4-addltlon product and phenyllithlum gave a larger 
amount of the 1,^-addition product than did phenyleodium 
along with 69 per cent of the l,2~addition product. Phenyl-
mangenese iodide, trlphenylaluialnum, dlphenylzinc and dl-
phenylberyIlium gave exclusively the 1,^-addition product. 
Phenylfflagneiiuai bromide is reported to give the 1,4-addition 
product exclueively also. In the light of thie reaction 
alone triphenylgermyllithium would be clasBified SB being 
less reactive than phenylllthium and at least on a par with 
phenylaagnesiuro bromide because no 1,2-additlon product was 
isolated with triphenylgermyllithium and benzalacetophenone. 
With carbonyl compounds, triphenylgermyllithium reacts 
normally to add across the unsaturated linkage. Thue, tri­
phenylgermyllithium reacts with formaldehyde to form trl-
phenylhydroxymethylgermane and with benzophenone to form 
triphenylgermyldlphenylcarbinol {51)• 
OH 
^2° I 
(C6H5)3GeLi+ R2CO 5- (C6H5)3Ge-C-R 
R 
Rz = H2 or iQQB.^)2 
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Trlphenylhydroxymetliylgermane was prepared authentically by 
the reduction of methyl trlphenylgeriaanecarboxylate with 
lithium aluminum hydride, and trlphenylgermyldlphenylcarblnol 
%fag prepared by the reaction of both phenyllithium and phenyl-
magneslum bromide with methyl trlphenylgermanecarboxylate, 
OH 
HpO I 
{%H5)3&eCOOCH3 + GgH^I { CgH^) ^Ge-C-GgH^ 
CgH5 
M r Li or MgBr 
fhe reaction of trlphenylgermylllthlum with formaldehyde 
takes the same course as the analogous reaction Involving 
triphenylellylpotassluffi (20?), however with benzophenone, 
trlphenylsllylpotassluffi reacts to give trlphenylbenzhydryl-
oxyellane (205). 
H 0 
(C6H5)3S1I + {C@H5)2G0 5- (C6H5)3S10CH(C6H5)2 
The reaction of trlphenylBllylpotasslum with benzophenone 
hae been interpreted as possibly occurring by initial "normal" 
addition of the trlphenylellyl group to the carbon atom of 
the carbonyl group to give structure I followed by rearrange­
ment to give the more etable structure II. 
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CgH^ M(CeH5)3 
II 
I 
An alternate mechanlsffi stated that structure II was appar­
ently a better model of the transition state of the reaction 
due to the stabilizing of thie structure by means of reso­
nance with the phenyl groups. It is difficult to see why 
triphenylgermyllithiuffi should react differently with benzo-
phenone considering the similarities in physical properties 
between silicon and germaniuiH. One would have perhaps ex­
pected the above mechanlems to apply equally well to 
trlphenylgermyllithium. 
Triphenylgerinyllithium also reacted with acetaldehyde 
to give triphenyl-l-hydroxyethylgermane, however with benzal-
dehyde no addition product could be found. With ^ benzo-
quinone, hex&phenyldigermane and hydroquinone were formed. 
The reaction of triphenylgermyllithiura with benzalaniline 
is believed to take place normally to give triphenyl-alpha-
anilinobenzylgerman©. 
(CgH^)3G-eLi + CgH^CBtNCgH^ 
HgO 
C6H5-CH-NHC6H5 
17^ 
nth "benzophenone anil the identltj'^ of the product ie in 
doubt. Elemental analyele indicates either a fjiraple 1,2-
addltlon to give product III, e rereree 1,2 -Eddltlon to give 
product IV or a 1,4-addition Involving one of the phenyl 
groups to give product V. 
{CgH5)2C-NHC6H5 
QeiCQB^)^ 
III 
(C6H5)3G@L1 + (CeH5)2C»N%H5 —> {G6K5) 2CH-NC6H5 
Ge( CgH^) 
.H2O IV 
(C6H5)2C-NHC6H5 
|(Je(C6H5)3 
Generally, the more reactive org&nometalllc reaeents add to 
conjugated unsaturated compounde in a 1,2-manner and the 
leee reactive reagents add In a 1,4-iianner (180). Organo-
metallic compounds found to add 1,2 to bengophenone anil 
are phenyllithiuia (190), phenylcalcluro iodide (193)» phenyl-
Bodium (191), phenylpotassiuffi (19I), ethyllithlum (18?), 
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dietj::^'-l€trontlum (18?) and diethylbariura (187). Phenylmag-
nesluia "broaide was found to add in a 1,^-manner (192, 197). 
Cofflpound If Klglit at first thought be eliminated front 
consideration due to the hydrolyticallj unstable nature of 
the gepfflanlum-nitrogen bond, however studies in this Labora­
tory on the addition of trlphenylgermyllithium to azobenzene 
Indicates that Buch may not be the case for substituted 
nitrogen eompounde. Revere© 1,2-addltion was considered 
from a theoretical standpoint because of the abnormal addi­
tion of triphenylsllylpotaseium to benzophenone (205) to 
give a product having the silicon atom attached to the oxy­
gen atom of the carbonyl group. The analogous reaction of 
trlphenylgeriaylllthlum with benzophenone (51) gave a product 
having the germanium atom attached to the carbon atom of the 
carbonyl group. Reverse 1,2-adaition would give a compound 
containing an aliphatic carbon-hydrogen bond which has a 
characteristic abeorption band In the Infrared Bpectrum, 
All attempts to locate euch a band have been unsuccessful. 
The indications, therefore, are that reverse 1,2-addltlon 
probably did not occur. In the case of either 1,2- or 1,^-
addltion there would be obtained a con5)ound containing an 
M-H bond, which bond should show a characteristic abeorption 
band in the Infrared spectrum of this compound. An inspec­
tion of the infrared spectrum obtained from both a carbon 
1?6 
dlaulflde solution of the product and a potaesliim bromide 
pellet containing the product h&e failed to reveal any ab­
sorption peak aacribable to the N-H bond. 
The reaction of orgenometallic reagents (RM) with azo-
benzene a&y tak© either of two poBslble coureee depending on 
the reacti'9'ity of the RM compound (182). Moderately reactive 
RM reagents such as alkyl- and arylzinc compounds (176, 182), 
Grlgnsrd raagents (1?7, 181, 182, 200) and phenylmanganese 
iodide (182) and the slightly more reactive phenyllithimn 
(182) and phenyleodluia (182) reduce asobenzene to hydrazo-
benzen® or to aniline. 
HoO 
RM + CgH5!fcNCgH5 ^ CgH5NH-NHCgH5 + R-R + C6H5NH2 
The highly reactive RM compounds such as phenylcalcium iodide 
(182), diethyletrontiuBs (18?) and diethylbarium (6) add to 
the N=N bond to form unsymiaetrically substituted hydrazine. 
HgO 
RM + C6H5N=NC6H5 ^ C@H5NR-NHG6H5 
Triphenylgermyllithlum apparently reacts with azobenzene In 
such a manner as to give an unsymmetrlcal hydrazine deriva­
tive containing germanium, thus indicating a high degree of 
reactivity for trlphenylgermyllithium. If trlphenylgermyl-
177 
lithium were of a degree of reactlTlty comparable to a 
Q-rignard reagent one vould have expected, the isolation of 
the R-R coupling product hexaphenyldigerrnane, however none 
was Isolated, If any hexaphenyldlgermane were formed its 
low eolubillty in organic solvents and water would have per­
mitted ItB easy detection. It is interesting to note that 
some hexaphenyldigeriaane was isolated in the reaction of tri-
phenylgeriiyllithiuii with both benzophenone anil and benzal-
aniline. The addition product wae obtained in high yield 
and, unlike reactions with other RM compounds, no azobenzene 
was recovered. An Inepection of the infrared spectrum ob­
tained from this compound showed the presence of the charac-
terletic N-H absorption peak. Since no other type of reaction 
between RM compounds and azobenzene, besides those already 
mentioned, has been reported one might feel confident in 
aesuffling simple addition to give triphenylgermylhydrazo-
benzene. There remains, however, the fact that no compound 
containing germanium attached to nitrogen has been found to 
be hydrolytically stable (see the Hietorical Section of this 
DiBsertation). The only exception is triethylgermanium ieo-
cyanate (2) which hydrolyzee only slowly in water at 25°, 
The product from the reaction of triphenylgermylllthium with 
azobenzene was refluxed in water euepension for 2 hours and 
55 pe^r cent of the compound was recovered unchanged, which 
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at least indicates a high degree of hydrolytic stability for 
till® type of compound. 
The preparation of organogermanlum compounds containing 
a beta-hydroxy! group may be accomplished by the reaction of 
triphenyigermyllithium with a 1,2-epoxide. 
n 
HgO I 
(%H5)3&©U + CH2-CHR (CgH5)3GeCH2-"CHR 
Although the mode of reaction with unsyrnmetrical 1,2-
epoxidee has not been established, it ie asBumed, until evi­
dence indicates other^'ige, that the geriaanlum atom attaches 
iteelf to the terminal carbon atom rather than to the carbon 
atom holding the R group. With ethylene oxide, trlphenyl-2-
hydroxyethylgermane wae obtained in ?0 per cent yield; with 
propylene oxide, triphenyl-2-hydroxypropylgermane was obtained 
in 55 PSJ' cent yield; and with etyrene oxide, triphenyl-2-
hydroxy-2-phenylethylgermane was obtained in ^5 per cent 
yield. An attempt to convert the triphenyl-2-hydroxypropyl-
germane to the chloride by means of thionyl chloride gave 
only triphenylchlorogermane. Thie product was probably 
formed by meane of be^-elimination of the type encountered 
in 2-halo~ and 2-hydroxy- eubetituted eilanee (237-242, 245). 
In the attempt to prepare ketones containing germanium 
attached to the carbon atom of the carbonyl group, the 
179 
reactions of trlphenylgermylllthium with ©etere vb.b Inveetl-
geted. It was found that triphenylgerinyllithlum reacts with 
diethyl carhon&te to give not bl8-(triphenylgermyl)-ketone, 
but hexaphenyldigermane and carbon monoxide. Likewise the 
reaction of triphenylgerniylllthluiB with methyl triphenylger-
manecarboxylate gave hexaphenyldigermane and carbon monoxide, 
and triphenylBilyllithlum with methyl triphenylgermanecarboxy-
late gave trlphenyleilyltriphenylgermane along with cprbon 
monoxide. A possible mechaniem for this reaction would be 
the attack of the triphenylgermyl anion on the germanium atom 
of the triphenylgermaneoarboxylic acid ester with the forma­
tion of a pentacovalent intermediate. In the case of the 
reaction of triphenylgermyllithiuHi with diethyl carbonate, 
it is aeeumed that ethyl triphenylgermanecarboxylate ie the 
1 nitial product formed. 
(CgH^)2&e" + (C2H^O)2CO —^ 
(C6H^)^Ge~ + (CgH^)^G-eCOOE ^ 
{C«Ht)3 0 
III II 
(CgH^)^Ge • • • Ge • * • C • • • OR 
i 
^ CO + OR*" 
In addition to the above reactions it was found that 
triphenylgermyllithlum would metallate fluorene to give 
180 
9-fluorenylllthlum. This on carbonatlon gave fluorene-9-
carboxyllc acid In 60 per cent :/ield. The formation of the 
9-fluorenylllthi\im might possibly be explained as occurring 
from the metallation of fluorene by phenyllithlum. The 
phenylllthium would be present if the triphenylgermylllthium 
diesoclatecl Into dlphenylgermanlum and phenyllithlum In a 
manner similar to that proposed for triphenyltinlithium (158). 
(C6H5)3aeLl V (C6H3)2Ge + CgH^Ll 
That such ie not the case for trlphenylgernylllthium Is 
demonstrated by many reactions. First, if euch a dissoci­
ation were to take place then carbonatlon should yield 
benzoic acid, and no such acid has been found in several 
carbonatlon reactions of trlphenylgermylllthluHi in this 
Laboratory. Second, bromination of the dlEBociated triphen­
ylgermylllthium would give diphenyIdibromogermane, however 
when triphenylgermylllthium was brominated there wae obtained 
hexaphenyldigeraiane in high yield, along with some triphenyl-
bromogemane. No dlphenyldlbroffiogermane or its hydrolyeie 
product XK'se Isolated. The yield of fluorene-9-carboxylic 
acid indicates ths,t the dissociation, if preeent, would be 
displaced far to the right, Thue, phenyllithlum and di-
phenylgermaniuffi would be preeent in excess and the carbonatlon 
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and bromlnation peaetlons should probably give high yields of 
the benzoic aeid and dlphenyldibromogermane, respectively, 
B. Compounds Containing Sermanium and 
Another Group IV B Element 
Triphenylgerffiyltriphenyleilane is prepared by the reac­
tion of triphenylsilylpotaseiuffi with triphenylchlorogermane. 
The revere© reaction of triphenylgermylpotassium with tri-
phenylchlorosilane gives & mixture which is very difficult 
to resolve into its coiaponents, Triphenylgermyltriphenyl-
silane may also be prepared by the reaction of triphenylsilyl-
lithium with methyl triphenylgermanecarboxylate. Triphenyl-
geriayltriphenyleilane, like hexaphenyldisilane (233) and 
hexaphenyldigerroane (50), shows no tendency to dissociate 
into free radicals. It is unaffected by oxygen in refluxing 
xylene and by iodine in refluxing chloroform. With iodine 
in refluxing xylene no triphenyliodogermane or triphenyliodo-
silane or their hydrolysie products ie isolated. Triphenyl-
germyltriphenylsilane is a white, difficultly soluble eolid 
melting at 357-359° and volatilizing at about ^00° with some 
decompoeition. It is easily cleaved by sodium-potaseium 
alloy in diethyl ether to form, on carbonation, triphenylger-
Bianecarboxylie acid and triphenylsilanecarboxylic acid. 
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Na/K 1, cOo 
{ 0015)3GeSl( 0015)3 ?-(C6H5)3&eK + (C6H5)3S1K ^ 
2. HgO 
iQQE^)jQeQQOE -H ( 0515)33ICOOH ^ (C6H5)3SiOH CO 
The trlphenylsllanecarboxyllc acid deoarbonylatee more easily 
than the trlphenylgermaneoarboxyllo acid and is not Isolated 
as Buch hut as triphenyleilanol, which is the product of this 
decarbonylation <162, 166), 
The first organic compound containing a G«-Sn bond was 
reported by Kraus and Foster (80). The compound they pre­
pared was triphenylgerHiyltrlmethyltin. Triphenylgermyltri-
p henyltin has now been prepared and some of its reactions 
inveetlgated, Triphenylgermyltriphenyltin ie prepared by the 
reaction of trlphenylgermylpotaBsium with triphenyltin chlo­
ride, The reverse reaction of trlphenyltinlithium with tri-
phenylchlorogermane gives an apparently inseparable mixture, 
Trlphenylgerayltrlphenyltin ie unaffected by oxygen in re-
fluxing chloroform, however it is partially decomposed in 
refluxing xylene due to the high temperature, When an ex­
cess of iodine is used a quantitative smount of triphenyliodo-
germane ie isolated, however with an equivalent amount of 
iodine a mixture of triphenyliodogermane and triphenyltin 
iodide ie formed, Trlphenylgermyltriphenyltin is not easily 
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cleaved toy ©odiun-pot&eglijro alloy In diethyl ether unless an 
initiator such as tetrahydrofuran is added, With phenyllithium 
a mixture of tetraphenylgenaane and tetraphenyltln ie formed, 
C. Triphenylgermane 
Compounde containing a Oe-H bond undergo some reactions 
which are the same as those of Si-H compounds. Mention has 
already been made of the effect of steric hindrance on the 
reactions of tri-l-naphthylgeraiane and tri-l-naphthyleilane 
with alkaline piperidine, and also of the addition® of tri-
chlorogermane and trichloroeilane to olefins. Like triphenyl-
silane (220), trlphenylgermane will add to the olefinic 
linkage under peroxide or ultraviolet initiation. In this 
manner triphenylgermane reacts with octadecene-1 to give 
triphenyl-n-octadecylgermane and with triphenylallylgermane 
to give 1,3~bl8-(triphenylgermyl)-propane. The attempted 
reaction of triphenylsilane with triphenylallylgermane was 
unsuccessful indicating a difference in reactivity of the 
Si-H and Se-H bonds. It ffiust be mentioned, however, that 
triphenylsilane did react with l-trlphenylgermylpentene-'tt' to 
give l-triphenylger«yl-5-triphenylBilylpentane (56). 
Perhaps the most outstanding difference in reactions of 
analogous orgsnogermaniuiB and organosilicon compounds ie 
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obsei'ved in the reactions of trlsubetltuted silanee and tri-
subetituted germanes with organollthlum compounds, Triethyl-
silane (194, 219) and trlpiaenyleilane (196) react with 
organolitMum compounds to give tetraeubstituted eilanee 
and lithium hydride. 
R3SIH + R»L1 > R3SiR' LIH 
R = C6H5 or C2H5 
With triphenylsllane both phenyllithium and meti^llithium 
gave over 90 per cent yields of tetraphenyleilane and tri-
phenylmethylsilane, respectively, while butyllithiiam gave 
around 60 per cent yield of triphenyl-n-butylsilane. 
It has been reported (68) that when triphenylgermane 
wae added to a refluxlng solution of phenyllithium, followed 
by refluxlng for 12 hours, there was isolated tetraphenyl-
germane in 70 per cent yield. The reverse addition of phenyl-
llthiuffi to refluxlng triphenylgermane gave 50-6O per cent 
yields of hexaphenyldlgermane along with some tetraphenyl-
germane. In the latter reaction the authors postulated the 
possible intermediate formation of trlphenylgermyllithlum 
which reacted with the triphenylgermane present to give 
hexaphenyldlgermahe and lithium hydride. 
185 
CgH5Li + {C6H5)3GeH > (C6H5)3G€L1 + OqUQ 
{C6H5)3CTeLl + (CsH5)3GeH ^ (C6.H5)3GeGe(€615)3 + LiH 
It h&8 been found that triphenylgerroane reacts with 
methylllthluffi, n-bntyllithiuia and phenylllthlum to give tri~ 
phenylgermyllltMum in good yields. with methyllithlum there 
%'ag also isolated about 16 per cent of triphenylmethylgermane 
and with phenylllthiuni some tetraphenylgermane wag found. 
iCQE^)ja@E+ RLl > (C6H5)3GeLl + RH + (C6H3)3GeR i- LIH 
Butyllithlum, however, gave a quantitative yield of tri-
phenylgermane carhoxylio acid on carbonatlon. 
Although the reactions of phenyllithium and •butyllithium 
with trlphenylgermane were spontaneouB and caused refluxing 
of the ether solution, methyllithluiB gave little reaction at 
room temperature even after three days. Befluxlng the methyl­
llthluffi- triphenylge rmane solution, however, effected complete 
reaction and gave 70-80 per cent yields of trlphenylgermane-
carboxyllc acid on carbonatlon« fhe leolatlon of about 10 
per cent of hexaphenyldlffermane from the reaction of triphen-
ylgerraa.ne with methyllithlum at room temperature indicates 
that some trlphenylgermylllthluffi was probably formed and 
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this reacted with the trlphenylgermane present to give hexa-
p henyldigermane, 
The reaction of trlphenylgermylllthium with trlphenyl­
germane at room teiaperature gave only atoout 1 per cent of 
hexaphenyldlgermane, however when a mixture of diethyl ether 
and ethylene glycol dimethyl ether was refluxed for 2^ hours 
and then stirred 72 hours at room temperature, a 12 per cent 
yield of hexaphenyldlgermane vm obtained. When the tri-
phenylgermylllthiui! from the reaction of an equivalent amount 
of butyllithium with trlphenylgermane was refluxed 40 hours 
with an equivalent amount of trlphenylgermane only a 12 per 
cent yield of hexaphenyldigermane was obtained. In the 
light of the above results the high yields of tetraphenyl-
germane and hexaphenyldlgermane obtained by Johnson and 
Harris (and repeated in this Laboratory) from the reactions 
of phenyllithium with trlphenylgermane are difficult to 
rationalize, 
TrIphenylsllane is reported to react with trIphenylellyl-
llthlum in ethylene glycol dimethyl ether to give 14 per cent 
of hexaphenyldiellane and 11 per cent of tetraphenylsllane 
along with 63 per- cent of recovered triphenylsllane (164, 
165). 
In the above reactions trlphenylgermane is reacting more 
like trlphenylmethane which is known to react with butyl-
lithium to give triphenylmethylllthlum (209). 
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The difference in reactivity of Si-H and G-e-H compounde 
towrd RLi compounde might be explained by the aesumption of 
a higher electronegativity for germanium ae compared to that 
of silicon or even hydrogen. Pauling (223) lists the elec­
tronegativities of C, H, Si and Ge ae 2,5» 2.1, 1.8 and 1.7 
respectively. Sanderson (123) gives the values 3.79, 3.55, 
2.62 and 3.59 for the electronegativitiee (SRg) of C, H, Si 
and 6e, respectively. Sanderson places the electronegativity 
of germanium slightly above that of hydrogen and considerably 
above that of silicon. In the case of Ge-H compounde, there­
fore, the electrons would be dieplaoed more toward the ger­
manium atom, making this atom more susceptible to attack by 
the positive portion of the RLi compound, the Li atom, thus 
forming a CJe-Li bond. Because there is such a small difference 
between the electfonegativities of germanium and hydrogen, 
one might expect to get a mixture of R^OeLi and R^Q-eR' com­
pounds. Such a mixture was found with both the methyllithium 
and the phenyllithium reactions. In the case of Sl-H com­
pounde the higher electronegativity of hydrogen as compared 
to silicon favors formation of the Li-H and Si-C bonds. And 
because there is such a large difference in electronegativity 
between silicon and hydrogen, a mixture of R^SiLi and R^SiR' 
is not obtained. 
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D, Thermal Stability 
Fro® a coaparison of the thermal etabllities of analo-
gotie organic compounds of germanium and silicon the following 
trende are obserired: (a) in almost every instance an organo-
silicon compound has a higher thermal stability and a higher 
volatilization temperature than the analogous organogermanium 
compound; (b) the tetraalkylgermansB all decompoee at least 
to a small extent before or during volatilization, while the 
tetraalkylsilanee volatilize undeoomposed; (c) in the two 
cases where organogermanee volatilize undecompoaed at a 
higher temperature than their silicon analogs, both com­
pounds are tetraarylgermanes (tetraphenyl and tetra-m-
fluorophenyl); (d) the presence of aryl groups stabilizee 
the alkyl-geraanimm compounds to some extent in mixed 
aryl-ftlkylgerma.ne e. 
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Y. SUMMARY 
A comparison of the physical and chemical propertlee of 
organogeriaanium and organoslllcon compounds has been made, 
A revle'AT of the literature pertaining to orgenogermanium 
compound® covering the period from 1950 to the present date 
has been made. 
Procedures for the preparation of triphenylgermylpotae-
sium from hexaphenyldigermane and tetraphenylgermane in di­
ethyl ether and from tetraphenylgermane in ethylene glycol 
dimethyl ether have been described and evaluated. 
Procedures for the preparation of triphenylgermyllithium 
from hexaphenyldigermane, tetraphenylgermane and triphenyl-
chlorogerinane in ethylene glycol dimethyl ether and from tri-
phenylgermane in diethyl ether have been worked out and 
evaluated. 
Attempts to prepare trialkylgermyllithium compounds have 
as yet been unBuceeesful, 
Reactions of triphenylgermyllithium and triphenylgermyl-
potasBium have shown th0.t these reagents couple with alkyl 
halldes but not with aryl halides and add to the olefinic 
bond in 1,1-diphenylethylene but not in trans-stilbene. In 
addition triphenylgermyllithium has been found to add to the 
oarbonyl group in formaldehyde, acetaldehyde and benzophenone; 
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to the oleflnlc bond In octadecene-l but not in octene-1 or 
cyclohexene; to the azomethine linkage in benzophenone anil 
and benzalaniline but not in pyridine or quinoline; and to 
the azo linkage in azobenzene, 
frlphenylgeriBylllthitun was also found to react with 1,2-
epoxides to form beta-hydroxyethv1germanes and with fluorene 
to give 9-fluorenylllthlua. 
Ittempte to prepare coapounds containing a carbonyl 
group atteehed to a geriaanlu® atom were unsucceseful with 
the exception of trlphenylgermane carboxyllc acid and its 
methyl and triphenylgeroyl esters. 
Hexaphenyldigermane has been found to be inert toward 
oxygen and iodine in refluxlng xylene, and toward sodium-
potaseium alloy in diethyl ether in the absence of an 
initiator such as tetrahydrofuran or bromobenzene. 
friphenylsilyltriphenylgeria&ne has been prepared and 
been found to be inert toward cleavage by oxygen and iodine, 
however it has been found to be easily cleaved by sodluin-
potasslum alloy in diethyl ether. 
Trlphenylgermyltriphenyltin has been prepared and been 
found to be difficultly cleaved by sodium-potassium alloy in 
diethyl ether in the absence of an Initiator. It has been 
cleaved b:y iodine, butyllithium and phenyllithium, but wae 
found to be inert toward oxygen In refluxlng chloroform. 
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Trlphenylgermane has been found to add. to the oleflnlc 
linkage of octad@cene-l and trlphenylallylgermane. 
The reaction of triphenylgermane >?lth org4;nollthlum 
reagents has been found to give trlphenylgermyllltbium and 
some tetrasubetltuted germane. 
The thermal etablllties of organogermanium compounds 
have been investigated and compared with organosllicon com-
p ounds. 
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